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HEARING CHARTER 

COMMITTEE ON SCIENCE AND TECHNOLOGY 
U.S. HOUSE OF REPRESENTATIVES 

Water Supply Challenges 
for the 21st Century 

WEDNESDAY, MAY 14, 2008 

io:oo a.m.-12:oo p.m. 

2318 RAYBURN HOUSE OFFICE BUILDING 


Purpose 

On Wednesday, May 14, 2008, at 10:00 a.m. the House Committee on Science and 
Technology will hold a hearing entitled “Water Supply Challenges for the 21st Cen- 
tury.” The purpose of the hearing is to examine the challenges of managing water 
supplies to meet social, economic and environmental needs in the United States. 
Population growth, changes in water use patterns, competing demands for water 
supply, degradation of water quality, and climatic variation are all factors influ- 
encing the availability and use of water. The hearing will also examine the role of 
the Federal Government in helping states and local communities adopt and imple- 
ment sensible and cost-effective water resource management policies. 

Background 

Water is necessary to every aspect of life. Although some regions of the U.S. have 
limited water supplies, especially areas west of the Mississippi River, the U.S. is 
endowed with substantial supplies of fresh water. However, population growth, in- 
creased per capita water use, water quality degradation, and increased withdrawals 
to support agricultural, industrial, and energy production activities combined with 
climate variability have increased water shortages across the country. 

In order to meet the challenge of providing safe, reliable water supplies for society 
we need improved information about the status of our water resources, policies to 
encourage water conservation, and technological improvements that will enable us 
to maintain and improve water quality and to improve our water-use efficiency to 
allow us to accomplish society’s goals with less water. Through this hearing, the 
Committee hopes to ascertain how and to what extent water science and technology 
can ease the Nation’s water resource challenges. 

Assessment of U.S. Water Supply 

In the 19th century, U.S. population stood at a little more than five million citi- 
zens. By 1959, the U.S. population had grown to almost 180 million people. Our pop- 
ulation is now over 300 million with a one percent rate of growth. Available surface 
water supplies have not increased in the United States since the 1990s, and ground- 
water tables are continuing to decline. 1 It is clear that the U.S. water supply cannot 
support future populations and economic activity at its current rate of consumption. 

In order to better manage water supplies, there is a critical need for good data 
about our water resources and how supplies vary over time. Currently, quantitative 
knowledge of water supply is inadequate in the United States. 2 The U.S. Water Re- 
sources Council completed the most recent, comprehensive, national water avail- 
ability and use assessment in 1978. 3 

In response to increased concerns about future increased water shortages, the 
Bush Administration created the Subcommittee on Water Availability and Quality 


1 “Report to Congress on the Inter-dependency of Energy and Water,” U.S. Department of En- 
ergy. December 2006. 

2 U.S. Government Accounting Office, 2003 Report: Freshwater Supply States’ Views of How 
Federal Agencies Could Help Them Meet the Challenges of Expected Water Shortages. GAO-03— 
514; National Research Council, 2004. Assessing the National Streamflow Information Program. 
National Academies Press, Washington, D.C 

3 The Council, established by the Water Resources Planning Act in 1965 (P.L. 89—80), com- 
prising the heads of several federal departments and agencies, such as Interior and the Environ- 
mental Protection Agency, has not been funded since 1983. U.S. Government Accounting Office, 
2003 Report: Freshwater Supply States’ Views of How Federal Agencies Could Help Them Meet 
the Challenges of Expected Water Shortages. GAO-03— 514. 
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(SWAQ) of the National Science and Technology Council’s Committee on Environ- 
ment and Natural Resources to coordinate a multi-year plan to improve research on 
water availability and quality. The Subcommittee concluded in a 2007 report that 
a robust process for measuring water requires a systems approach to assess surface 
water, ground water, rainfall, and snowpack from the perspectives of quantity, qual- 
ity, timing, and location. 4 

Initiatives to Address Water Supply Shortages 

States have initiated a number of steps to address water shortages. These activi- 
ties include: Development of drought preparedness plans to reduce their vulner- 
ability to droughts and development of drought response plans to provide assistance 
to communities and businesses that are vulnerable to drought; monitoring water 
availability and water use of major water supplies; coordinating management of 
ground and surface water supplies; developing and implementing policies to encour- 
age water conservation and allocate water among competing uses within their juris- 
dictions; exploring options for increasing water supply such as cloud seeding to in- 
crease rainfall or investment in desalinization plants. 

At the federal level, there are numerous federal departments, independent agen- 
cies, and several bilateral organizations have some responsibility for water pro- 
grams and projects within the United States. The federal agencies with primary re- 
sponsibilities for water resources include: The Bureau of Reclamation which pro- 
vides municipal and irrigation water and operates hydroelectric facilities in the 
western states; the Army Corps of Engineers which has responsibility for projects 
involving flood control and flood plain management, water supply, navigation, and 
hydroelectric power generation; the National Oceanic and Atmospheric Administra- 
tion which is responsible for weather and climate prediction through the National 
Weather Service, including the operation of the National Drought Information Sys- 
tem and maintains wildlife habitat and ecosystem protection through its coastal 
zone and fisheries management programs; the U.S. Geological Survey which as- 
sesses the quality, quantity, and use of U.S. water resources and maintains a na- 
tional stream gauge network used for monitoring stream and river flows and flood 
forecasting; the Environmental Protection Agency which protects public health and 
the environment by ensuring safe drinking water, controlling water pollution, and 
protecting ground water. 

The Federal Government has also established standards for toilets and the Envi- 
ronmental Protection Agency recently established a voluntary program, WaterSense, 
to encourage the marketing and adoption of water conserving technologies and prac- 
tices. 

Most of the authority for allocating water resides within State governments. 
When water disputes arise involving two or more states, the federal government has 
a role to play based upon Congress’s power to regulated interstate commerce and 
through congressional approvals of binding agreements known as compacts. The 
seven Colorado Basin states have a long-established compact governing water allo- 
cation of the Colorado River. The extended drought in the Southeast has brought 
attention to an ongoing interstate conflict among Alabama, Florida, and Georgia 
over water allocation in the Apalachicola-Chattahoochee-Flint (ACF) river system. 
According to the Congressional Research Service, at least 47 states and the District 
of Columbia at some time have been involved in disputes over water that have re- 
sulted in litigation or initiated negotiations to establish an interstate compact. 5 

In a 2003 report of the Government Accountability Office (GAO) report, states 
identified five federal actions they believed could best support their efforts to im- 
prove water management. Better coordinated federal participation in water manage- 
ment agreements along with financial assistance to increase storage and distribu- 
tion capacity, improved water data, flexibility in the administration of environ- 
mental laws, and increased consultation on federal or tribal use of water rights. 6 

Economic Impacts Associated with Water Shortages 

In the United States, over 50,000 water utilities withdraw approximately 40 bil- 
lion gallons per day of water from the Nation’s resources, to supply water for domes- 


4 The Subcommittee on Water Availability and Quality. A Strategy for Federal Science and 
Technology to Support Water Availability and Quality in the United States. September 2007. 
35pp. 

5 Congressional Research Service, Memorandum to the House Committee on Science and Tech- 
nology, “States involved in Interstate Water Disputes,” May 9, 2008. 3pp. 

6 U.S. Government Accounting Office, 2003 Report: Freshwater Supply States’ Views of How 
Federal Agencies Could Help Them Meet the Challenges of Expected Water Shortages. GAO-03— 
514 
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tic consumption, industry, and other uses. 7 When severe water shortages occur, the 
economic effect can be substantial. According to a 2000 report from the National 
Oceanic and Atmospheric Administration, eight water shortages from drought or 
heat waves each resulted in $1 billion or more in monetary losses over the past 20 
years. 8 

An adequate supply of treated water is integral to many industries, including ag- 
riculture and food processing, beverages, power generation, paper production, manu- 
facturing, and mineral extraction. Water shortages can negatively affect companies 
and entire industries and reduce job creation and retention. Current industry trajec- 
tories, population growth, and dwindling water supplies all point to increased water 
shortages. Increased water demand will come with increased costs to all businesses, 
industries, and municipalities which rely on the same water resources. The Associa- 
tion of California Water Agencies (ACWA) reported in April 2008 that California is 
now losing income and jobs due to the state’s water supply crisis. 9 

Water Energy Nexus 

Water is a vital component of our economy’s energy sector. Water is used for re- 
source extraction, refining and processing and transportation. Water also is essen- 
tial for electricity generation. The expansion of biofuel supply is also going to re- 
quire substantial water resources. The National Research Council predicts that the 
surge in ethanol production is likely to lead to adverse effects on local water sources 
and water quality. 10 

The use of water in the extraction and processing of petroleum-based transpor- 
tation fuels is relatively small compared to the electric-generating industry. Accord- 
ing to the Department of Energy’s National Energy Technology Laboratory, the 
thermoelectric power sector accounts for 39 percent of total freshwater withdrawal 
in the United States, and 3.3 percent of total freshwater consumption. This con- 
sumption for electricity production accounts for over 20 percent of nonagricultural 
water consumption. Water is also used directly in hydroelectric generation, which 
constituted approximately 14 percent of energy produced in the United States in 
2006 according to the Energy Information Administration (EIA). 

Not only do we need vast quantities of water for energy production, but we also 
need energy to transport and treat water. DOE estimates that nationwide, about 
four percent of U.S. power generation is used for water supply and treatment. 
Across the country, the amount of energy used to provide water to meet agriculture 
needs represents the most significant regional difference. However, the supply and 
transport of water can be quite energy-intensive. For example, pumping water to 
consumers that live far away from the source can be energy intensive. California’s 
State Water Project pumps water 444 miles of aqueducts from three recreational 
lakes in Plumas County in Northern California to Riverside County in Southern 
California and is the state’s largest energy consumer using between two to three 
percent of California’s energy (5,000 GWh per year). 11 

Witnesses 

Dr. Stephen Parker, Director, Water Science and Technology Board, National Re- 
search Council. Dr. Parker will discuss the recent work undertaken by the Water 
Science and Technology Board of the National Academy of Sciences on water supply 
and water management. He will also discuss the major challenges facing states and 
local governments in providing adequate water supply to meet societies competing 
needs. 

Dr. Jonathan Overpeck, Director, Institute for the Study of Planet Earth, and 
Professor, Geosciences and Atmospheric Sciences, University of Arizona. Dr. 
Overpeck will discuss the potential impacts of climate change on water supply, par- 
ticularly in the Southwest. 

Dr. Robert Wilkinson, Director, Water Policy Program, Bren School of Environ- 
mental Science and Management, University of California-Santa Barbara. Dr. 
Wilkinson will discuss the linkage between energy and water supplies both in terms 


7 “Water Loss Control,” George Kunkel, Jr. Water Efficiency. 

8 U.S. Government Accounting Office, 2003 Report: Freshwater Supply States’ Views of How 
Federal Agencies Could Help Them Meet the Challenges of Expected Water Shortages. GAO-03— 
514. 

9 “California Water Supply Crisis Affecting Economy,” Water and Wastewater News. April 21, 
2008 

10 “Fuel for Thought,” National Academies in Focus. Volume 8 Number 1. 

11 “Water Energy Use in California,” California Energy Commission. 
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of the water needed to provide energy and in terms of the energy needed to trans- 
port and treat water. 

Mr. Marc Levinson, Economist, U.S. Corporate Research, JPMorgan Chase. Mr. 
Levinson will discuss the key findings of JP Morgan’s recent report “Watching 
Water: A Guide to Evaluating Corporate Risks in a Thirsty World,” and the potential 
impacts of water supply shortage on businesses and the economy. 

Dr. Roger Pulwarty, Program Director, National Integrated Drought Information 
System (NIDIS) NOAA Climate Program Office. Dr. Pulwarty will discuss what in- 
formation is currently available through NIDIS to regional, State and local water 
decision-makers. He will also address what future information is required for better 
water policy planning. 
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Chairman GORDON. Good morning and welcome everyone, and to 
our witnesses, thank you for letting us conduct a little business 
here. 

As was stated, this is a busy time. We have several Members in 
markups elsewhere. They will be coming back, but their staff is ei- 
ther here or in the anteroom watching. This will be televised, so 
we will have the opportunity for this to go out, and we appreciate 
you being here. 

Water is an essential input to virtually everything we do, from 
growing and processing food to manufacturing the products we use 
to date, to producing the energy we need to power our economy. 
Water is essential to all life and to maintain public health and the 
diversity and beauty of our environment. 

The recent droughts experienced in the West and the Southeast 
and increased competition for water supplies suggest that we must 
take a closer look at how we are managing our water resources. 
Thirty-six states expect to experience significant water shortage by 
2013, population growth, increased per-capita water use, degraded 
water quality, and climate change have all impacted our avail- 
ability, our available supplies of water. 

In my district water sources have dried up, and wells have run 
dry. Towns have been forced to implement water restrictions to 
deal with a decreased supply. According to the Tennessee Valley 
Authority, the first eight months of 2007 were the driest in the last 
118 years of Tennessee history. When severe water shortage oc- 
curs, the economic impact is substantial. In 2007, the Tennessee 
Valley Authority was forced to shut down a nuclear reactor due to 
a lack of acceptable cooling water in the Tennessee River. 

According to a 2000 report from NOAA, each of the eight water 
shortages over the past 20 years from drought or heat wave re- 
sulted in $1 billion or more in monetary losses. A recent report by 
J. P. Morgan indicated that a single production interruption at a 
semiconductor plant could cost $200 million in lost revenue. 

I believe with investment in research and development, public 
education, and better information on the status of our water sup- 
plies, we could avoid the high cost, social disruption, and environ- 
mental damage associated with water shortage. 

Our committee has already begun to bring forward legislation to 
help us better utilize water resources. Last week the Subcommittee 
on Energy and Environment reported bills by Representative Hall 
and Mr. Matheson to authorize research at the Department of En- 
ergy and Environmental Protection Agency on water treatment and 
to increase the efficiencies of our water use. 

We will be looking for more opportunities to address this impor- 
tant issue. 

I would like to thank our panelists for appearing before us today 
to share with us their views on the problems we currently face in 
water supply and their suggestions for addressing these problems 
in the future, and I look forward to a lively discussion from this 
impressive panel. 

[The prepared statement of Chairman Gordon follows:] 

Prepared Statement of Chairman Bart Gordon 

Good morning and welcome to today’s hearing. 
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Water is the essential input to virtually everything we do — from growing and 
processing food to manufacturing the products we use everyday to producing the en- 
ergy we need to power our economy. Water is essential to all life and to maintain 
public health and the diversity and beauty of our environment. 

The recent droughts experienced in the West and the Southeast and increased 
competition for water supplies suggest that we must take a closer look at how we 
are managing our water resources. 

Thirty-six states expect to experience significant water shortages by 2013. Popu- 
lation growth, increased per-capita water use, degraded water quality, and climate 
change have all impacted our available supplies of water. 

In my district, water sources have dried up and wells have run dry, and towns 
have been forced to implement water restrictions to deal with decreased supply. 

According to the Tennessee Valley Authority, the first eight months of 2007 were 
the driest in the last 118 years of Tennessee history. 

When severe water shortages occur, the economic impact is substantial. In 2007, 
the Tennessee Valley Authority was forced to shut down a nuclear reactor due to 
a lack of acceptable cooling water in the Tennessee River. 

According to a 2000 report from NOAA, each of the eight water shortages over 
the past 20 years from drought or heat waves resulted in $1 billion or more in mon- 
etary losses. 

A recent report by JP Morgan indicated that a single production interruption at 
a semiconductor plant could cost $200 million in lost revenue. 

I believe with investment in research and development, public education and bet- 
ter information on the status of our water supplies we can avoid the high costs, so- 
cial disruption, and environmental damage associated with water shortages. 

Our committee has already begun to bring forward legislation to help us to better 
utilize water resources. 

Last week, the Subcommittee on Energy and Environment reported bills by Rep. 
Hall and Rep. Matheson to authorize research at the Department of Energy and the 
Environmental Protection Agency on water treatment and to increase the efficiency 
of our water use. 

We will be looking for more opportunities to address this important issue. 

I would like to thank our panelists for appearing before us today to share with 
us their views on the problems we currently face in water supply and their sugges- 
tions for addressing these problems in the future. I look forward to a lively discus- 
sion from this impressive panel. 

Chairman Gordon. At this time I would like to yield to my dis- 
tinguished colleague from Texas, our Ranking Member, Mr. Hall, 
for an opening statement. 

Mr. Hall. I thank you, Mr. Chairman, and I am, of course, 
pleased that we are having this hearing here today. 

Water supply is, as you say, a very critical issue facing our coun- 
try. Water is the lifeblood of our economy. Every sector requires it 
and would be crippled without it. Energy and agriculture are the 
two largest consumers of water, I understand, but it is also a vital 
part of manufacturing, fishing, and obviously, everyday living. 

Water’s importance to U.S. prosperity is one that has been dis- 
cussed in various reports over the last decade, government spon- 
sored and private sector alike. It has hit home for some of us where 
our districts have been subjected to periods of long drought or mas- 
sive flooding. This Congress is well aware of the dangers of water 
shortages and over-abundance. 

Two years ago we passed, and the President signed, the National 
Integrated Drought Information System Act of 2006. We did this in 
response to a need for a centralized location for drought informa- 
tion. I am very pleased that Dr. Pulwarty is here to talk about it. 
Although this law is not the only answer, it is part of the larger 
solution required for good water policy and good management. 

What we need are the proper tools and resources for local, State, 
and regional decision-makers to adapt to changing conditions. I 
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look forward to hearing from the panelists today on possible solu- 
tions to our nation’s water challenges. 

And I thank you, and I yield back the balance of my time. 

[The prepared statement of Mr. Hall follows:] 

Prepared Statement of Representative Ralph M. Hall 

Thank you, Mr. Chairman. I am pleased we are having this hearing today. Water 
supply is a very critical issue facing our country. Water is the life-blood of our econ- 
omy. Every sector requires it and would be crippled without it. Energy and agri- 
culture are the two largest consumers of water, but it is also a vital part of manu- 
facturing, fishing, and obviously, everyday living. 

Water’s importance to U.S. prosperity is one that has been discussed in various 
reports over the last decade, government-sponsored and private-sector alike. It has 
hit home for some of us, where our districts have been subjected to periods of long 
drought or massive flooding. This Congress is well aware of the dangers of water 
shortages and overabundance. 

Two years ago, we passed, and the President signed, the National Integrated 
Drought Information System Act of 2006. We did this in response to a need for a 
centralized location for drought information. I am very pleased the Dr. Pulwarty is 
here to talk about it. Although this law is not the only answer, it is part of the larg- 
er solution required for good water policy and management. 

What we need are the proper tools and resources for local, State and regional de- 
cision-makers to adapt to changing conditions. I look forward to hearing from the 
panelists today on possible solutions to our nation’s water challenges. I yield back 
the balance of my time. 

Chairman GORDON. Thank you, Mr. Hall, and thank you for your 
hospitality. We had a hearing down at Texarkana on the COM- 
PETES Bill this Monday, and it was very interesting. It adds to 
our committee’s institutional memory and knowledge in this very 
important area. 

And I ask unanimous consent that all additional opening state- 
ments submitted by the Committee Members be included in the 
record. Without objection, so ordered. 

[The prepared statement of Ms. Johnson follows:] 

Prepared Statement of Representative Eddie Bernice Johnson 

Thank you, Mr. Chairman. As Chair of the Subcommittee on Water Resources and 
Environment, this issue is very important to me. 

Dallas, as does other cities, has a propensity to flood. Adequate infrastructure is 
important to properly manage water and avoid flooding problems. 

On the other hand, the State of Texas has encountered years of tremendous 
drought. Our cattle ranchers and farmers have depended on disaster relief from the 
devastating lack of water. 

The Science Committee has a role to play in water issues. 

We can invest in research to examine infrastructure needs. 

We can support efforts to improve water clarity and purity, to protect the health 
of our populace. 

We can direct studies on climate change and its impact on our water resources. 

We are tasked with the responsibility of ensuring a safe, reliable water supply for 
society. 

We need improved information about the status of our water resources and poli- 
cies to encourage water conservation, 

We must discover technological improvements that will enable us to maintain and 
improve water quality and to improve our water-use efficiency to allow us to accom- 
plish society’s goals with less water. 

Today’s witness panel includes individuals representing federal advisory groups 
such as the National Research Council and National Oceanographic and Atmos- 
pheric Association (NOAA). 

It also includes academic witnesses, such as Dr. Overpeck from the University of 
Arizona and the University of California-Santa Barbara. 

The Committee will be interested to hear the panel’s suggestions as to water re- 
search and development priorities at the federal level. 
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Again, welcome to today’s witnesses. I thank the Chairman and Ranking Member 
for their leadership on this issue and yield back my time. 

[The prepared statement of Mr. Carnahan follows:] 

Prepared Statement of Representative Russ Carnahan 

Mr. Chairman, thank you for hosting this important hearing on managing the 
U.S. water supply. Population growth, variation in our climate and degradation of 
water quality all complicate current water supply management in our nation. 

It is incumbent upon those of us in Congress to examine ways that we can im- 
prove water conservation efforts, and research both new technologies such as desa- 
linization to increase water supply as well as avenues to improve water quality. I 
am particularly concerned about water quality in my own congressional district. One 
county within my district is changing from a rural to more suburban county, which 
has created pressure to supply more water to more people. Septic tanks are leaking 
into tributaries and streams with the potential for contaminating water supply. In 
another area, sewer overflows occur due to an aging infrastructure. 

I am also interested in the link between energy and water, which I anticipate Dr. 
Wilkinson will address in his testimony today. I would appreciate hearing more 
about his views on hydroelectric power in this country, whether this untapped re- 
source is worthy of additional federal investments and if he sees room for further 
research into more efficient power generation from hydroelectric dams. 

I would like to thank today’s witnesses, Dr. Parker, Dr. Overpeck, Dr. Wilkinson, 
Mr. Levinson and Dr. Pulwarty, for taking the time to appear before us. I look for- 
ward to hearing all of our witness’s testimonies. 

[The prepared statement of Mr. Mitchell follows:] 

Prepared Statement of Representative Harry E. Mitchell 

Thank you, Mr. Chairman. 

The diminishing supply of water is an issue that truly hits home. 

In Arizona, our habitability is closely tied to the availability of reliable safe water 
sources. 

According to the Arizona Department of Water Resources, Arizona has experi- 
enced drought for over a decade. The Colorado River system as a whole is now in 
its eighth year of drought. 

I believe that it is absolutely critical that we address the growing shortage of our 
nation’s water supply and work to establish progressive and cost-effective water re- 
source management policies. 

I look forward to hearing from our witnesses about the challenges of managing 
water supplies. 

I yield back. 

[The prepared statement of Mr. Smith follows:] 

Prepared Statement of Representative Adrian Smith 

Thank you, Mr. Chairman. 

Water supply issues are a challenge in my home State of Nebraska. Water avail- 
ability is a critical concern in much of my district where center pivot irrigation is 
the lifeblood of farmers. A nearly decade-long drought in Nebraska’s Panhandle has 
put extreme stress on water resources and those who rely on them. 

Water quality problems are potentially burdensome for small towns in my district, 
which face high costs for remediation of their drinking water supplies in order to 
comply with U.S. Environmental Protection Agency regulations pertaining to natu- 
rally-occurring contaminants, such as arsenic, in their wells. 

Energy is a topic on everyone’s mind and many energy generation methods re- 
quire water to produce power. Hydropower, nuclear energy, petroleum refining, 
clean coal technologies, and biofuels production all require large amounts of water. 
I have long been an advocate of keeping all energy options on the table. I want to 
ensure the water needed is available for the energy choices of the marketplace. 

Balancing the various uses of water is a constant challenge as various groups de- 
mand its use for drinking water; agriculture; energy generation; habitat, especially 
for endangered species; and recreation. As a Nebraskan and a Congressman, I want 
to ensure these demands are properly prioritized, and, as possible, they each are 
recognized for their contribution to Nebraska’s economy and quality of life. 
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I look forward to hearing the testimony of our witnesses and hope they will be 
able to shed light on each of these problems and offer practical steps for their reso- 
lution. 

Thank you, Mr. Chairman, and I look forward to working with you in the future. 

Chairman Gordon. It is my pleasure now to introduce the wit- 
nesses this morning. 

Dr. Stephen Parker is the Director of the Water Science and 
Technology Board at the National Research Council, and Ms. Gif- 
fords, I would like to yield to you. Somehow we always work Ari- 
zona into most hearings, so you are up. 

Ms. Giffords. Thank you, Mr. Chairman. 

It is a privilege for me to introduce a tremendous colleague from 
Arizona, Dr. John Overpeck, who is one of the brightest stars of the 
University of Arizona. Dr. Overpeck is a Climate Systems Scientist 
at the UofA, where he is also the Director for the Institute for the 
Planet, for the Study of Planet Earth, Professor of Geosciences and 
a Professor of Atmospheric Sciences. 

Dr. Overpeck has published over 120 papers on climate and the 
environmental sciences. He recently served as a Coordinating Lead 
Author for the Fourth Assessment Report of the UN Intergovern- 
mental Panel on Climate Change, which shared the 2007 Nobel 
Peace Prize with former Vice President A1 Gore. 

And I want to thank you and your colleagues for coming to 
present before our committee the reports from that very important 
document. 

For his interdisciplinary research Dr. Overpeck has also been 
awarded the U.S. Department of Commerce bronze and gold med- 
als, as well as the Walter Orr Roberts Award of the American Me- 
teorological Society. He has been a Guggenheim Fellow and serves 
on the Board of Reviewing Editors for Science Magazine. 

Dr. Overpeck’s research focuses on global change dynamics with 
a major component aimed at understanding how and why key cli- 
mate systems vary on time scales longer than seasons and years. 
Through his research Dr. Overpeck is working to help foster a new 
paradigm of interdisciplinary knowledge creation between physical, 
biological, and social scientists, all with the goal of serving the en- 
vironmental needs of society in a more effective manner. 

I am very pleased to have Dr. Overpeck here. He is an authority 
in Arizona, and I am pleased to have such a distinguished panel, 
group of panelists to talk about an issue that is vitally important 
to the West and to our country. 

Chairman Gordon. Thanks, Ms. Giffords. 

Dr. Wilkinson, I won’t be quite as generous with you, but none- 
theless you are very distinguished. You are the Director of the 
Water Policy Program at the Bren School of Environmental Science 
and Management, at the University of California-Santa Barbara. 
Welcome. 

And Mr. Marc Levinson is the Economist for the U.S. Corporate 
Research at J.P. Morgan Chase and author of J.P. Morgan’s recent 
report, “Watching Water, a Guide to Evaluating Corporate Risks in 
a Thirsty World.” 

And finally, our last witness is Dr. Roger Pulwarty, Director, 
Program Director for the National Integrated Drought Information 
System at NOAA Climate Program Office. 
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We would like for you to try to keep your opening statement to 
about five minutes and your written testimony will be made a part 
of the record. When you have completed your testimony, we will 
have questions by our Members. 

Dr. Parker, please begin. 

STATEMENT OF DR. STEPHEN D. PARKER, DIRECTOR, WATER 

SCIENCE AND TECHNOLOGY BOARD, NATIONAL RESEARCH 

COUNCIL 

Dr. Parker. Good morning, Mr. Chairman, Members of the Com- 
mittee, and others. I am Stephen Parker from the National Re- 
search Council, and I am pleased to participate in today’s hearing. 

I have been in my position at the Water Science and Technology 
Board for 26 years and have overseen about 200 studies relevant 
to today’s topic. Thus my remarks are general and drawn from our 
body of work, not one particular recent study. 

It is hard to overstate the importance of high-quality water sup- 
plies to our nation, yet in many areas supplies are essentially fixed, 
and the quality is deteriorating. At the same time, demands for 
water to support population and economic growth, the environ- 
ment, and other purposes continue to increase. Examples of the 
mounting array of water-related problems exist in every region of 
the country, especially the West and Southwest. 

Both of these regions have rapidly-growing populations and have 
been affected by climate variability, drought, and the tightening 
water supply picture as many new users vie for limited supplies 
and call for changes to traditional allocation rules. 

Lasting solutions to these challenges of water supply and de- 
mand and water quality will require creative science-based strate- 
gies and innovative water technologies. 

I have phrased my central concerns in the form of four questions. 
If the answers to some of these questions are no, I fear that we 
may be in for a national water crisis, something like that portrayed 
in the media. 

Question one, will there be sufficient water to support both fu- 
ture economic and population growth while sustaining ecosystems? 
The fast-growing Southwest and Southeast face great challenges in 
meeting increasing water demands. Most of the sources and sup- 
plies of water for these regions are fully allocated among environ- 
mental, urban, and agricultural uses. Unfortunately, the Nation 
seems lacking in a long-term strategic vision of alternative means 
for accommodating growth with existing supplies. We believe the 
Nation has under-invested in research and development needed to 
help municipalities augment water supplies in this post-dam-build- 
ing era. For example, through waste water reuse, desalination, and 
other approaches, including aquifer storage and recovery. 

Question two. How effectively can our water management sys- 
tems and institutions adapt to climate change? Existing data reveal 
some significant climate changes in the U.S. in recent years. 
Warmer temperatures in some regions and potential impacts on 
water supplies are of special concern. Although there are uncer- 
tainties regarding future climate projections, there is broad sci- 
entific agreement that rising temperatures are having a number of 
effects such as earlier melting of snowpack, which affects agricul- 
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tural production, increases flood risks, and is forcing changes in 
reservoir operations. Two, higher sea levels, which will increase sa- 
linity in coastal water supply aquifers and alter marshes and wet- 
lands. And three, in changing amounts of precipitation and ex- 
treme climatic events. 

My question three. Will drinking water be safe? Over the past 
100 years investments in water treatment and distribution infra- 
structure has made the quality of U.S. drinking water among the 
best in the world. Today we take safe water for granted. Neverthe- 
less, new chemicals and biological agents continue to emerge and 
intentional or unintentional contamination of drinking water sup- 
plies represents a real and continuing threat. Additionally, much of 
our urban drinking water infrastructure is reaching the end of its 
expected lifetime and will need to be replaced in the next 25, 10 
to 25 years. 

Question four. Can existing water policies effectively respond to 
present and future challenges? Many of the Nation’s water policies 
and practices were created and designed for yesterday’s water re- 
sources challenges and are becoming obsolete. For example, the 
National Environmental Policy Act, the Clean Water Act, the Safe 
Drinking Water Act, and the Endangered Species Act were all 
passed in the early 1970s. Likewise, many dam operators and 
water allocation plans are designed for a set of users in an earlier 
era and are being challenged by increasing demands from users 
such as recreational, urban, and environmental interests. 

It seems important that the Nation’s water management institu- 
tions and body politics stay vigilant to assure and perhaps restore 
modern and appropriate management and legal instruments to 
meet the challenges. The case is compelling for governmental lead- 
ership and support for water resources research and maintenance 
of strong governmental scientific and technical capabilities. 

My written statement discusses numerous examples of past fed- 
erally-funded water research that have produced significant payoffs 
to the Nation. The advances in water science and technology that 
society is now requiring are likely to be inadequate if federal action 
is not taken as the states and non-governmental organizations 
have limited resources to invest in required research. 

That concludes my statement. I commend the Committee for rec- 
ognizing the importance of water resource and the role of the gov- 
ernment in water resources to the Nation. I hope you act quickly 
and strategically, as I often worry that we are living on borrowed 
water capacity, created by conservative engineers in the past, and 
that our water supply cushion is disappearing. 

I would be happy to answer your questions. Thank you. 

[The prepared statement of Dr. Parker follows:] 

Prepared Statement of Stephen D. Parker 

Good morning, Mr. Chairman, Members of the Committee, and others. My name 
is Stephen D. Parker. I am Director of the Water Science and Technology Board 
(WSTB) of the National Research Council. As you may know, the National Research 
Council is the operating arm of the National Academy of Sciences, National Acad- 
emy of Engineering, and the Institute of Medicine of the National Academies, and 
its goal is to provide elected leaders, policy-makers, and the public with inde- 
pendent, expert advice based on evaluations of scientific evidence. 

I am delighted to have the opportunity to participate in today’s hearing, which 
examines the challenges of managing water supplies to meet social, economic, and 
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environmental needs of the United States. Population growth, changes in water use 
patterns, competing demands for water supply, degradation of water quality, and 
climatic variations all are factors that influence the availability and use of water. 
I have held my position with the WSTB for 26 years and have overseen approxi- 
mately 200 studies relevant to the topic of today’s hearing. Thus, my remarks are 
drawn from a whole body of work, rather than just one recent report. (Note that 
my written statement has attached to it a listing of some our most relevant reports 
from the past several years.) Given the nature of the WSTB mission — to help ensure 
and improve the scientific basis for water management — my statement tends to em- 
phasize science and research. 

High quality, reliable drinking water is fundamental to human existence and 
quality of life. Not only is water a basic human need, but adequate, safe water sup- 
plies are crucial to the Nation’s health, economy, security, and ecosystems. A key 
strategic challenge is to ensure adequate quantity and quality of water to meet 
human and ecological needs, especially given the growing competition among domes- 
tic, industrial-commercial, agricultural, and environmental uses. To successfully ad- 
dress the Nation’s water resources problems likely to emerge in the next 10-15 
years, decision-makers at all levels of government will need to make informed 
choices among often conflicting and uncertain alternative actions. 

There is abundant evidence that the conditions of water resources in many parts 
of the United States are deteriorating. Further, demands for water resources to sup- 
port population and economic growth continue to increase, although water supplies 
generally are fixed in quantity and already are fully allocated in most areas. Exam- 
ples of the mounting array of water-related problems exist in every region of the 
country. Today, these problems are especially pronounced in the West and in the 
Southeast. Both these areas are sites of rapidly-growing populations and have been 
affected by climate variability, drought, and a tightening water supply picture as 
multiple and new users vie for changes to more traditional allocation rules and pat- 
terns. Lasting solutions to these challenges of water supply and demand balances, 
as well as water quality, will require creative, science-based, and economically fea- 
sible strategies. The following questions highlight the central concerns; if answers 
to some of these questions are “no,” it portends a future with complex water re- 
source problems that will challenge the capacities of our scientific, engineering, and 
management organizations charged to address water resources issues. (Note that I 
do not attempt to separate water quantity from water quality considerations as the 
two are inextricably linked.) 

• Will there be sufficient water to both sustain ecosystems and support 
future economic and population growth? The fast-growing states and cit- 
ies of the Southwest face great challenges in meeting increasing water de- 
mands. Most of the sources and supplies of water for this arid region are fully 
allocated among environmental, urban, and agricultural uses. Mechanisms for 
reallocating water away from current uses, along with technological means for 
augmenting supplies, all have physical, economic, and social limits. Other 
rapidly growing areas of the Nation, like the Southeastern U.S., also are ex- 
hibiting increasing vulnerability to drought. The traditional means for coping 
with ever-increasing water demands was to augment supplies by constructing 
more dams. For a number of reasons, that strategy today is far less viable. 
Unfortunately, the Nation has limited precedent and seemingly a lack of long- 
term, strategic vision for alternative means for coping with increasing eco- 
nomic and population growth with existing, limited water supplies. Further- 
more, we believe the Nation has under-invested in the research needed to 
help municipalities augment water supplies, for example through wastewater 
reuse, desalination, or aquifer storage and recovery. 

• How effectively can our water management systems and institutions 
adapt to climate change? Existing data reveal some significant climate 
changes in the U.S. in recent years, with implications for water quality and 
quantity. Warmer temperatures in some regions, and potential impacts on 
water supplies, are a special concern. Although there are uncertainties re- 
garding future climate projections, there is broad scientific agreement that 
rising temperatures are having a number of effects, such as (1) earlier melt- 
ing of snowpack, which affects agricultural production, increases flood risks, 
and is forcing changes in reservoir operations; (2) higher sea levels, which will 
increase salinity in coastal aquifers and alter marshes and wetlands; and (3) 
changing patterns of precipitation, such that extreme climatic events may in- 
crease in magnitude and frequency. 



15 


• Will drinking water be safe? Over the past 100 years, investment in water 
treatment and distribution infrastructure has made the quality of U.S. drink- 
ing water among the best in the world. Enormous gains in public health were 
realized from the virtual elimination of typhoid and cholera, such that today, 
the provision of safe supplies of drinking water is taken for granted. Nonethe- 
less, new chemical and biological agents continue to emerge and intentional 
or unintentional contamination of drinking water supplies represents a real 
and continuing threat. Further, much of our drinking water infrastructure is 
reaching the end of its usable lifetime and will need to be replaced in the next 
10-25 years. 

• Will the quality of the Nation’s waters be enhanced and maintained? 

Passage of the Clean Water Act helped the Nation make great progress during 
the 1970s and 1980s in improving surface water quality, through financial 
support for municipal wastewater treatment plants and a permitting process 
for point sources of water pollution. Today, the more pressing surface water 
quality problem is non-point source pollution. Effective management of non- 
point source pollution problems requires good data on surface water quality. 
However, there are only limited water quality data for many of the Nation’s 
rivers and streams, including some large and very important ones. For exam- 
ple, a 2008 report of ours noted the limited data and limited monitoring ef- 
forts in many stretches of the Mississippi River, and recommended a more ex- 
tensive and integrated approach to the river’s water quality monitoring and 
assessment. Better information on water quality, and better management of 
non-point source pollution problems, also will require stronger, more aggres- 
sive federal leadership. 

• Can existing water policies effectively respond to present and future 
challenges? Many of the Nation’s water policies and practices were created 
and designed for an earlier era of water resources challenges and problems. 
For example, the National Environmental Policy Act, the Clean Water Act, the 
Safe Drinking Water Act, and the Endangered Species Act all were passed in 
the early 1970s. Further, many dam operations and water allocation plans, 
designed for a set of users in an earlier era, are being challenged by increas- 
ing demands from users such as recreational, urban, and environmental inter- 
ests. Moreover, many water professionals are concerned about declining engi- 
neering and scientific capacity in the Nation’s key water resources organiza- 
tions — which is occurring at a time when the Nation needs high-level, profes- 
sional expertise in its primary water institutions more than ever. 

Advances in the science and technology through research needed to address these 
problems are likely to be inadequate if no federal actions are taken, as the states 
and non-governmental organizations have limited resources to invest in required re- 
search. The Nation also will need stronger expertise in its leading water institutions 
in order to stay abreast of engineering and scientific developments, and to be able 
to interact productively with the scientific community at large. The increasing need 
to ensure clean and adequate water supplies, and to manage increasingly rapid 
human-induced modification of natural and social environments, make a compelling 
case for governmental support of water resources research and strong governmental 
scientific and technical capacity. 

There are numerous examples of federal government-funded research on water re- 
sources that have led to significant payoffs for the Nation. The flood forecasting sys- 
tems that help save lives and protect property, and the drought forecasting systems 
that help keep farmers and municipalities abreast of water availability conditions, 
both rest on federally supported data gathering and research. Research in the past 
has led to the development of innovative water and wastewater treatment tech- 
nologies, such as membranes. Other examples include improved management of 
salts in irrigated agriculture, and better understanding of implications regarding 
voluntary transfers of water among different users. Studies of eutrophication in in- 
land waters, mercury deposition, and nitrogen loading in the Chesapeake Bay wa- 
tershed seem to provide examples of federally funded research that has improved 
the effectiveness of regulatory processes. Research has allowed the Nation to in- 
crease the productivity of its water resources, such that today the same amount of 
water yields, on average, more agricultural output than it did 50 or 100 years ago. 
Finally, the Nation today uses many aspects of its water resources base far more 
efficiently than in the past, due to advances in water-efficient plumbing fixtures, 
landscaping practices, and wastewater reuse techniques. Future scientific and tech- 
nical advances will be required to meet the water resources needs of an expanding 
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U.S. population and to maintain the quality of the Nation’s surface, groundwater, 
and aquatic systems. 

That concludes my statement. I commend the Committee for recognizing the im- 
portance of water resources — and the role of the Federal Government in water re- 
sources — to the Nation. I’d be happy to answer your questions. Thank you! 

Some Relevant Recent WSTB Reports of Interest to the Subcommittee 

Desalination: A National Perspective 2008 

Colorado River Basin Water Management: Evaluating and Adjusting to 
Hydroclimatic Variability 2007 

Improving the Nation’s Water Security: Opportunities for Research 2007 
Integrating Multi-scale Observations of U.S. Waters 2007 

Mississippi River Water Quality and the Clean Water Act: Progress, Challenges, 
and Opportunities 2007 

Prospects for Managed Underground Storage of Recoverable Water 2007 
Water Implications of Biofuels Production in the United States 2007 
Drinking Water Distribution Systems: Assessing and Reducing Risks 2006 
Progress Toward Restoring the Everglades: The First Biennial Review, 2006 
River Science at the U.S. Geological Survey 2006 
Toward a New Advanced Hydrologic Prediction Service (AHPS) 2006 
Public Water Supply Distribution Systems Assessing and Reducing Risks 2005 
Regional Cooperation for Water Quality Improvement in Southwestern Pennsyl- 
vania 2005 

Water Conservation, Reuse, and Recycling 2005 
Assessing the National Streamflow Information Program 2004 
Confronting the Nation’s Water Problems: The Role of Research 2004 
Estimating Water Use in the United States: A New Paradigm for the National 
Water-Use Information Program 2002 
Missouri River Ecosystem: Exploring the Prospects of Recovery, The 2002 
Privatization of Water Services in the United States: An Assessment of Issues and 
Experience 2002 

Watershed Management for Potable Water Supply: Assessing the New York City 
Strategy 2000 


Biography for Stephen D. Parker 

Stephen D. Parker was educated in hydrology and civil engineering at the Univer- 
sity of New Hampshire. He is a senior staff member at the National Research Coun- 
cil of the National Academies. Currently he is Director of the Water Science and 
Technology Board (since 1982). With the WSTB, Mr. Parker is responsible for study 
programs in a broad range of water related and natural resources topics. Subject 
areas include water supply; aquatic ecology and restoration; ground water science, 
technology, and management; hydrologic science; water quality and water resources 
management; pollution control; and other related topics. His duties involve strategic 
planning, program development, policy analysis, report writing, interaction with fed- 
eral agency program managers, supervision of a staff of approximately 10, and oth- 
ers. Parker’s technical expertise lies principally in hydrologic engineering and water 
resources systems analysis. Prior to joining the NRC in 1982, he was in charge of 
river basin planning studies at the Federal Energy Regulatory Commission (1979- 
82). From 1972-79, he was with the New England Division of the Army Corps of 
Engineers, where he reached the level of chief of hydrologic engineering; the focus 
of his technical work included water quality, flood and drought, and hydropower sys- 
tem studies. From 1970-72, Parker was employed by Anderson-Nichols consulting 
engineers in Boston where he worked on water supply oriented projects. In 1969- 
70, Mr. Parker served in the U.S. Navy in Vietnam, where he commanded a river 
patrol boat He is a certified Professional Hydrologist, a member of the research ad- 
visory board of the National Water Research Institute, and active as a member of 
the American Institute of Hydrology and American Water Resources Association. In 
1997, he was elected a fellow by the Association of Women in Science, and in 1998 
he received the NRC Individual Achievement Award from the National Academy of 
Sciences/National Academy of Engineering. 
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Chairman Gordon. Thank you, Dr. Parker, and Dr. Overpeck, 
you are recognized. 

STATEMENT OF DR. JONATHAN OVERPECK, DIRECTOR, INSTI- 
TUTE FOR THE STUDY OF PLANET EARTH; PROFESSOR, 

GEOSCIENCES AND ATMOSPHERIC SCIENCES, UNIVERSITY 

OF ARIZONA 

Dr. Overpeck. Chairman Gordon, Ranking Member Hall, Con- 
gresswoman Giffords, and other distinguished Members of the 
Committee, I thank you for allowing me to come and discuss these 
issues with you today. 

One of our chief potential challenges to ensuring reliable water 
supply will be climate variability and also climate change. And it 
appears likely that both climate variability and climate change are 
already starting to challenge water supply in parts of our country. 

Significant parts of our nation are currently in drought. 
Droughts in the West, central plains, Texas, and the Southeast all 
vie for title of the worst current drought. These droughts now oc- 
curring in the U.S. are, however, modest compared to the severe 
natural droughts that took place before the 20th century. 

For example, western North America has seen 25-year and much 
longer megadroughts in just the last 1,000 years. It is safe to say 
that if the water supply infrastructure in many parts of our coun- 
try, for example, the West, were to see such a drought, it would be 
overwhelmed today. 

However, what is most disturbing about these natural 
megadroughts of the past is that we are not sure what caused 
them, nor are we confident that we can predict them. It is just a 
matter of time before we will get another megadrought, and this 
means that we should think seriously about making our society 
more resilient in the face of megadroughts. 

Now, I would like to turn to the issue of climate change. The cli- 
mate system is changing, very likely due to humans, and this 
change could also pose another major challenge to water supply in 
parts of our nation. Parts of our country have already warmed 
more than two degrees Fahrenheit in the last century and could 
warm another 15 or more degrees by the end of the century if we 
don’t do something to curb emissions of greenhouse gases. 

The warming has already led to substantial decreases in spring 
snowpack, which, in turn, has led to decreased flow in some major 
river systems of the United States, including the Colorado River. 
Current river flow estimates for some parts of the country, for ex- 
ample, the Colorado River, that serves seven states and over 30 
million people, indicates that water supply could be greatly reduced 
by mid century or before. 

In addition, the latest climate change science indicates that 
much of the conterminous U.S. could see an increase in the annual 
maximum number of consecutive dry days between rainfall events, 
a decrease in average soil moisture, and an increased likelihood of 
drought. Although the projected changes are less certain outside 
the West and Southwest, the current state of climate science sug- 
gests that they, these all should be considered real possibilities for 
the future. 
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What then can we do about this challenge? Fortunately, there 
are some no-regrets actions that can be taken regardless of cause, 
natural or human-caused climate change. We need an accelerated 
effort to understand climate-related water supply variabilities, both 
physical, biological, and social. 

For example, we must incorporate realistic assessments of future 
climate change into water management models that are being used 
to assess future supply change. Also, ground water serves as a 
major buffer during times of drought. We must try and determine 
how much ground water really exists underground at local scales 
around our country and how quickly this ground water can be re- 
charged in the future, both by precipitation and human mecha- 
nisms. 

And lastly, we need to determine, for example, how much water 
can be diverted safely from agriculture, another important buffer 
in times of drought, to uses that support population growth in po- 
tentially water-limited regions. 

Number two, we need an accelerated effort to understand climate 
change variability, climate variability and climate change proc- 
esses, as well as how to predict them. Essential progress can be ac- 
celerated via greater funding of basic, for example, National 
Science Foundation and use-inspired, for example, NOAA, DOE, 
and NASA, climate research observation and modeling. 

Number three, we need a national climate service that is de- 
signed to support local and regional decision-makers in dealing 
with climate-related reductions in water supply. 

Finally, in addition to no-regrets options that I have just summa- 
rized, there is also the option of mitigating or reducing the likely 
impacts of climate change on U.S. water supply. If we wish to fore- 
stall for sure potential major climate change threats to water sup- 
ply, large reductions in greenhouse gas emissions, namely 80 per- 
cent below 1990 levels by 2050, must be initiated soon. 

Mr. Chairman, Members of the Committee, thank you. 

[The prepared statement of Dr. Overpeck follows:] 

Prepared Statement of Jonathan Overpeck 


Summary 

One of the chief potential challenges to ensuring a reliable water supply will be 
climate variability and climate change. An analysis of recent climate patterns indi- 
cates that both are already starting to challenge water supplies in our nation, and 
that these on-going challenges provide an important lesson for the future. Climate 
variability, in the form of decades-long drought, is a major threat to ensuring suffi- 
cient water supplies. Human-caused climate change, including temperature in- 
creases, snowpack reductions, streamflow decreases, and increased probability of 
drought, will only make the situation more challenging. Options for meeting these 
climate challenges include much needed focused research, a new national climate 
service focused on local and regional decision-makers, and a policy that reduces 
global greenhouse gas emissions. The outlook for climate-related changes in U.S. 
water supply is not positive, particularly in the West, Southwest, Texas and into 
the Southeast. Even in other parts of the Nation, water supply could become more 
limiting. However, the good news is that there is time to prepare for increasing 
water supply challenge, and to also avoid water supply reduction threats deemed 
dangerous. Urgent attention is warranted. 

Chairman Lampson, Ranking Member Inglis, and other Members of the Com- 
mittee, thank you for the opportunity to speak with you today on 'Water Supply 
Challenges for the 21st Century. 
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My name is Jonathan Overpeck. I am the Director of the Institute for the Study 
of Planet Earth at the University of Arizona, where I am also a Professor of Geo- 
sciences and a Professor of Atmospheric Sciences. I have published more than 120 
papers in climate and the environmental sciences, and recently served as a Coordi- 
nating Lead Author for the UN Intergovernmental Panel on Climate Change (IPCC) 
Fourth Assessment (2007). I have been awarded the U.S. Department of Commerce 
Bronze and Gold Medals, the Walter Orr Roberts award of the American Meteoro- 
logical Society and a Guggenheim Fellowship for my interdisciplinary research. I 
also serve as Principal Investigator of the Climate Assessment for the Southwest 
(CLIMAS), an interdisciplinary Regional Integrated Science and Assessment (RISA) 
project funded by NOAA. In this capacity, and others, I work not only on climate 
system research, but also on supporting use of this research by decision-makers in 
society. 

One of the chief potential challenges to ensuring a reliable water supply will be 
climate variability and climate change. I would like to describe these challenges, 
and then discuss what our nation can do to meet them. A basic message is that it 
appears likely that both climate variability and climate change are already starting 
to challenge water supplies in our nation, and that these on-going challenges are 
an important lesson for the future. 

Climate Variability, Drought and Water Supply 

As Figure 1 shows, drought is currently affecting significant portions of our na- 
tion. Droughts in the West, Central Plains, Texas, and in the Southeast vie for the 
title of worst current drought. Most notably, the drought in the West, although re- 
cently softened by good winter snowfall, has persisted since about 1999, and could 
be far from over. 
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The causes of the current droughts across the U.S. are hotly debated in the cli- 
mate science community, but it is safe to say that at least some of the current 
drought conditions are due to natural climate variability. Most likely, variability in 
the oceans is causing atmospheric circulation to drive drier-than-normal conditions 
in parts of our nation. For example, this seems to be the prime candidate for ex- 
plaining the Southeast U.S. drought. 
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Drought of the type now occurring in the U.S. is modest compared to the more 
severe natural droughts that took place before the twentieth century. These earlier 
droughts can be reconstructed using tree-rings, lake sediments, cave formations, and 
other natural archives of past climate. For example, western North America, from 
deep into Mexico, through the western U.S. and into Canada, was gripped by a se- 
vere 20- to 25-year drought in the late sixteenth century. Droughts lasting many 
decades occurred during medieval times in the West, and likely had profound im- 
pacts. For example, we now know from hydrological modeling that these past 
“megadroughts,” were they to occur in the future, would have dramatic negative im- 
pacts on the Colorado River and the water this river supplies to seven states. 

It is safe to say that the water supply infrastructure in many parts of our country 
(e.g., the West ) would be overwhelmed were a megadrought like those of the past to 
occur again in the future. I will return to this challenge later in my testimony. 

What is most disturbing about the natural droughts of the past is that we are 
not sure what caused them, nor are we confident that we can predict them. Thus, 
it is difficult for climate scientists to say how long the current droughts will last, 
or whether they will intensify. What climate scientists can say, however, is that it 
would be foolish to assume that droughts much longer — and more severe — than 
those of the last 100 years won’t happen again. It is just a matter of time, and this 
means that we should think seriously about making our society, particularly in 
those areas that are prone to drought (e.g., see Figure 1), more resilient in the face 
of future drought. 

Climate Change and Water Supply 

The climate system is changing, very likely due to humans, and this change could 
also pose another major challenge to water supply in parts of our nation. Although 
temperatures over most of our country have risen over the last 100 years, climate 
change is most notable in the U.S. West and Alaska. Across the West, temperatures 
have gone up by about 2°F, and more than the national average. This warming has 
led to significant decreases in spring snowpack, which in turn, have led to decreased 
flow in some major rivers, including the Colorado River. These temperature, snow, 
and river flow changes appear to be due, at least in part, to human-caused climate 
change. These changes are also quite similar to those projected by climate models 
for the future. 

Furthermore, there are some indications — still hotly debated in the climate 
science community — that the current western drought itself may be related to 
human causes. In the Southwest, we have seen a northward shift in winter/spring 
storm systems that seems consistent with our understanding of human-caused cli- 
mate change, and leaves the region with below-average precipitation. However, it 
is too early to know for sure if the current western drought, the worst in at least 
100 years, is due to humans or not. What we do know is that human-caused warm- 
ing is making the impacts of the drought more serious than the cooler droughts of 
the twentieth century. 

Many of the climate changes we are currently seeing appear to be consistent with 
what climate models project for the future. Given the recent (since 2000) jump in 
global carbon dioxide emissions to the atmosphere, we are now on track, over the 
next 100 years, to warm parts of the coterminous U.S. by more than 15°F in sum- 
mer. This change, when coupled with dramatic warming in other seasons as well, 
should drive a much greater atmospheric demand for moisture, reduced spring 
snowpack, and regional river flows in the western U.S. 

Figure 2 shows only one recent estimate of how runoff, and hence river flow, could 
change in the next 50 years. Other estimates exist, but for the Colorado River 
Basin, almost all estimates are negative; some estimate suggest as much as a 40 
percent reduction could occur by mid-century. Future warming and precipitation 
change, particularly in the spring season, appears to point only to one direction of 
water supply change - down. 
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Might Climate Change Spare Water Supply in all but the West and South- 
west? 

Figure 2, as well as most other projections of future climate-related water supply, 
paints a challenging picture for the West and Southwest regions of the country that 
have recently been experiencing some of the fastest growing populations in the Na- 
tion. Does this mean the rest of the country is safe from climate-related reductions 
in water supply? The answer is almost certainly “No.” 

In addition to the average change depicted in Figure 2, climate theory and projec- 
tions also point to a human-caused increase in the frequency of drought. The recent 
IPCC (2007) assessment of climate model projections indicates much of the 
conterminous U.S. should see an increase in the annual maximum number of con- 
secutive dry days between rainfall events, a decrease in average soil moisture, and 
an increased likelihood of drought. Although these projected changes are less certain 
outside the West and Southwest, the current state of climate science suggests they 
should be considered real possibilities for the future. 

The Combined Challenge of Climate Variability and Climate Change. 

Current scientific understanding of both climate variability (drought) and climate 
change indicates that there is a real future likelihood of both natural and human- 
caused reductions in climate-related water supply. We now know that decades-long 
droughts can occur naturally in parts of the U.S., just as climate change could lead 
to greater aridity and an enhanced probability of drought in many parts of the coun- 
try, particularly the West, Southwest, Texas, and across to the Southeast. These are 
the same parts of the country that are now experiencing drought. Thus, the present 
could be a window on the future. 

Meeting the Climate Challenge to U.S. Water Supply. 

The future climate challenge confronting our nation’s water supply is real, and 
will likely be due to both natural and human-caused threats. Fortunately, there are 
some “no-regrets” actions that can be taken regardless of cause: 

(1) Call for, and support, an accelerated effort to understand climate-re- 
lated water supply vulnerabilities, both physical, biological, and social. 

Much remains to be learned about our nation’s water supply, and how it might be 
managed in the future. It is outside the scope of this testimony to go into great de- 
tail, but some key questions warrant greater understanding: 
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• How can we improve the current generation of hydrologic models used to 
project future river flow? For example, model-based estimates of future cli- 
mate-change related reductions in Colorado River flow range from small (e.g., 
10 percent) to large (e.g., 40 percent) by the middle of the century. Effective 
management of future water supply will require better hydrologic models. 

• How best incorporate realistic assessments of future climate change into river 
management models ? This process has begun, but needs to be accelerated 
given the importance of realistic projections not just of physical water supply, 
but also how well these supplies can be managed to meet projected use. 

• How much groundwater exists locally around the country, and how quickly 
can groundwater be recharged in the future, both by precipitation, and/or 
human mechanisms? Many parts of the country, particularly in the West, con- 
sider groundwater to be a principal source of water, at least in times of sur- 
face-flow shortage. And yet, precise information about the volume of these un- 
derground water resources is often not available, nor is the full potential of 
underground water banking fully understood. This limits realistic planning. 

• How much water can be diverted safely from agricultural use to uses that 
support population growth in potentially water limited regions? In many 
areas, agriculture accounts for 70 percent or more of total water usage. How 
much of this water should be diverted from agricultural use in order to sup- 
port population growth, or is water left in agriculture best viewed as a re- 
source that can buffer long droughts when other water resources become in- 
adequate. Water left in agriculture can be sold to non-agricultural users in 
order to make up for water lost to drought. What is the true value of agricul- 
tural water use? 

(2) Call for, and support, an accelerated effort to understand climate varia- 
bility and climate change processes, as well as how to predict them. Climate 
change science has made tremendous advances in the last decade, but is still limited 
due to incomplete science infrastructure and knowledge. Essential progress can be 
accelerated via greater funding of basic (e.g., NSF) and “use-inspired” (e.g., NOAA, 
DOE and NASA) climate change research. Well-planned global climate observing 
systems — both in situ and space-based — must be completed, and special efforts are 
needed to extend these observing networks to include much denser climate-related 
observations at the local to regional scales so important for decision-making. Cli- 
mate modeling capability must also be enhanced to improve the realism of state- 
of-the-art models, particularly with regard to simulating (and predicting) climate 
variability and change at the global to regional-scales needed for enhanced planning 
and decision-making. 

Some regions with likely greater-than-average exposure to climate-related water 
challenges, require an extra effort to understand what is at stake and what we can 
do about it. For example, the Southwest U.S. is the fastest growing part of the coun- 
try, but it is also the region that could be most at risk to water supply shortage. 
Despite this, we lack an adequate understanding of the summer monsoon system 
that brings substantial rainfall to some parts of the region. We can’t say whether 
this summer rainfall will likely go up, or go down. We don’t know the implications 
of how changes in this basic water resource could be managed. As with other key 
regional issues, urgent attention is needed to make sure that some parts of the 
country don’t become big losers in the face of climate variability and change. 

(3) Call for, and support, a national climate service that is designed to sup- 
port local and regional decision-makers in dealing with climate-related re- 
ductions in water supply. At present, the climate-related decision-support needs 
of regional stakeholders (e.g., water managers) are not met adequately. A number 
of federal and State agencies have recognized this problem, and planning has begun 
at a number of levels for a more organized, interagency, national climate service. 
The key to success for such a service is that it be accountable to, and meet the needs 
of, regional decision-makers. This service should benefit from the national climate 
research, observations and modeling infrastructure (e.g., within NOAA), and it 
should also benefit from the experiences, and stakeholder-partnerships, of the 
NOAA-funded interdisciplinary Regional Integrated Science and Assessment (RISA) 
program. Any national climate service needs to have a strong accountability mecha- 
nism to ensure that the regional decision-making needs are met, first and foremost. 

In addition to the above “no-regrets” options, there is the option of mitigating — 
or reducing — the likely impacts of climate change on U.S. water supply: 

(4) Create policy that reduces global greenhouse gas emissions. Current 
state-of-the-art climate science indicates that a tighter water supply could occur in 
many parts of our nation due to climate change. Large temperature increases, great- 
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er atmospheric demand for moisture, increasing snow reductions, river flow declines, 
and a likely increase in the probability of drought, all appear to be already under- 
way in some parts of the globe, including the U.S. Climate model projections indi- 
cate that these trends will likely create an increasing challenge to water supply into 
the future, to 2100 and beyond. A national climate service (see #3 above) would 
serve to quantify the levels of climate-related water reductions that can be met 
through technology, planning and adaptation. Beyond any “adaptable” level of cli- 
mate change-related water supply reduction, however, exists potentially dangerous 
levels of climate change that can be avoided through an aggressive effort to reduce 
greenhouse gas emissions. 

Summary 

The outlook for climate-related changes in U.S. water supply is not positive, par- 
ticularly in the West, Southwest, Texas and into the Southeast. Even in other parts 
of the Nation, water supply could become more limiting. However, the good news 
is that there is time to prepare for increasing water supply challenge, and to also 
avoid water supply reduction threats deemed dangerous. Urgent attention is war- 
ranted. 

Thank you for the opportunity to address you today. 

Biography for Jonathan Overpeck 

Jonathan Overpeck is a climate system scientist at the University of Arizona, 
where he is also the Director of the Institute for the Study of Planet Earth, as well 
as a Professor of Geosciences and a Professor of Atmospheric Sciences. He received 
his BA from Hamilton College, followed by a M.Sc. and Ph.D. from Brown Univer- 
sity. Jonathan has published over 120 papers in climate and the environmental 
sciences, and recently served as a Coordinating Lead Author for the Nobel prize 
winning UN Intergovernmental Panel on Climate Change (IPCC) Fourth Assess- 
ment (2007). He has also been awarded the U.S. Department of Commerce Bronze 
and Gold Medals, as well as the Walter Orr Roberts award of the American Mete- 
orological Society, for his interdisciplinary research. Overpeck has also been a 
Guggenheim Fellow, and was the 2005 American Geophysical Union Bjerknes Lec- 
turer. He serves on the Board of Reviewing Editors for Science Magazine. 

Chairman Gordon. Thank you, Dr. Overpeck, and Dr. 
Wilkinson, you are recognized. 

STATEMENT OF DR. ROBERT C. WILKINSON, DIRECTOR, 

WATER POLICY PROGRAM, DONALD BREN SCHOOL OF ENVI- 
RONMENTAL SCIENCE AND MANAGEMENT, UNIVERSITY OF 

CALIFORNIA-SANTA BARBARA 

Dr. Wilkinson. Thank you, Mr. Chairman. Chairman Gordon, 
Members of the Committee, I appreciate the opportunity to share 
some thoughts with you today. I have got some Power Points, and 
I will try to click through them quickly. 

Let me start with the four points I would like to make. Inte- 
grated policy and planning I am going to pitch, and I have in my 
written testimony that we couple the science and technology assets 
that we have with policy processes. Multiple benefit strategies, de- 
signs for flexibility, and put it all in a climate change context. 

This is a map of total water withdrawals in the U.S., and I will 
draw your attention to the little mountains off on the right-hand 
side of the picture. Most of those are thermal power plants. I was 
asked to address the water energy nexus, and so there is a dif- 
ferentiation here between the east and the west to some extent as 
to what we are withdrawing water for in different areas. 

Many water systems in the U.S. are already over-allocated and 
stressed. Every major supply system in California is already over- 
allocated. 
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Here is a population growth map and water resources, and you 
can see even in areas that are marked in blue in terms of water 
resources when we look at the drought monitor for the U.S. Jona- 
than has in his presentation the same map for two months later, 
almost exactly, drawn from the current map here in May, it looks 
almost identical, so you can see some of that tremendous drought 
in the Southeast is occurring in areas that until recently many 
thought were wet and somewhat immune to the same kind of 
droughts. 

Nearly 20 years ago two of the stars in the field of climate 
science, Roger Evall and Paul Wagoner, made a very important ob- 
servation. Governments at all levels should reevaluate legal, tech- 
nical, and economic procedures for managing water resources in 
the light of climate changes that are highly likely. 

Indeed, we are seeing those changes unfold, and we need to visit, 
again, our institutions and legal frameworks as well as our science 
and technical capacity. 

Just a quick little bit of history of where we were only 50 years 
ago in our thinking about water resource management. This is a 
map of North America. You will see in the upper left the water col- 
lection region. Coming down through the water transfer region it 
was thought that Oregon and Washington didn’t need much, and 
we will distribute it down in the Southwest and be very generous 
right on across the Mexican border. And you will see in the middle 
of the picture the optional water distribution region, maybe even 
share some there. 

This was a serious plan. Here is the plumbing for that plan, and 
that was the way we were thinking about managing water through 
inter-basin transfers only 50 years ago. A lot of thinking has 
changed from the idea of building facilities in the West in par- 
ticular with surface storage, with conveyance systems. We have 
some remarkable engineering and remarkable systems, but we are 
having difficulty with the match between hydrology and those sys- 
tems providing for our needs. 

What we need is integrated whole-system approaches to water 
and energy management in the context of science and technology, 
of climate change, economics, and environmental concerns. We 
need policy strategies that are designed to tap multiple benefits 
and are flexible in the face of changing circumstances. 

So let me briefly go through then some energy observations here. 
About nineteen percent of California’s electricity (I am going to 
focus here on California, if I may) and about a third of our natural 
gas goes to water. In fact, water is the top use of electricity in Cali- 
fornia. Now, our systems, as you can see ground water and local 
water projects, actually provide the majority of water, but we have 
major plumbing facilities as well. 

I will run you through the State project very quickly. That is the 
red line on this map. Here is all the pumping plants for that sys- 
tem. Here is one of them, the largest pumping plant in the world. 
That is only half of it at the foot of the Tehachapi Mountains, and 
this is what it looks like as we plot out all of the energy inputs to 
those systems. 

Putting that on a bar chart, the red bars are the inner-base and 
transfer points, including the Colorado River Aqueduct and the 



25 


State Water Project. You will note that they exceed ocean water de- 
salination in terms of energy intensity already. Energy intensity is 
the total amount of energy embodied in water used in a particular 
place. 

We run through a calculation, California has been doing quite a 
bit of this work now, to figure out every step in that water process 
and then to understand opportunities to manage it differently. 

Here is one of the largest uses as you can see, single families for 
the U.S., not just California, and then going to the, half this resi- 
dential, half of that is outdoors, half is indoors. Here is California’s 
official State water plan, and here are the sources of water for the 
next quarter century. I will draw your attention to the bar on the 
right. Urban water use efficiency, doing something about that 
water use on the demand side is where we expect to get most of 
our water in the future, along with conjunctive management and 
recycled water. Those are the big ones. 

I am going to skip through because my time is out, but here are 
some of those opportunities for water management that are going 
to provide the new water supplies, at least according to our State 
planning process in California. Coupled to that is capturing storm 
water in different techniques that are often simple but very effec- 
tive, recycling water, going to hi-tech filtration, reverse osmosis for 
different sources. 

And then going to the flip of that very quickly, the water inten- 
sity of energy, actually energy, thermal energy facilities are the 
largest use of water withdrawn in the United States along with ag- 
riculture over a third and about a three percent of total consump- 
tion. 

The federal labs are doing a lot of work on this. Analysis is indi- 
cating that we have got lots of opportunities to produce energy with 
very little or no water, and we have other opportunities that use 
tremendous amounts of water. So we have choices to make. 

Quick conclusions then. Water scarcity and quality will remain 
key issues. Vast opportunities do exist, though, for efficiency im- 
provements. Science and technology are critically important in ad- 
dressing water supply quality challenges but policy design and im- 
plementation is equally as important. So integrated whole-system 
planning and designing policies and infrastructure for flexibility 
and multiple benefits. 

I pose two questions in my written testimony. How can we decou- 
ple water and energy systems where there are high costs, stresses, 
damages, or vulnerabilities to systems, and how can we maximize 
water and energy efficiency and productivity so as to maximize 
benefits to society? 

Thank you very much. 

[The prepared statement of Dr. Wilkinson follows:] 

Prepared Statement of Robert C. Wilkinson 

The Committee on Science and Technology of the United States House of Rep- 
resentatives has chosen a critically important topic with this hearing on Water Sup- 
ply Challenges for the 21st Century. Thank you for the opportunity to share some 
information and ideas with you today. 

I will focus on the water/energy nexus as it relates to science and technology, and 
also as it relates to policy design and implementation. The selection and implemen- 
tation of policy instruments to address water and energy management challenges 
is integrally linked to the foundation provided by science and technology. Policy 
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frameworks are important in achieving positive outcomes based on our investments 
in science and technology. 

The two main points I would like to convey today involve the need for: 

1. Integrated, whole-system approaches to water and energy management in the 
context of science and technology, climate change, economics, and environ- 
mental concerns, and; 

2. Policy strategies that are designed to tap multiple benefits and are flexible 
in the face of changing circumstances. 

Due to the importance of the climate change context for both water and energy, 
I provide brief comments on water/energy/climate links and tie them specifically to 
science and technology policy developments, particularly at the State level. 

This testimony presents both detailed California examples and U.S.-wide data and 
considerations. Because we have developed good data and analyses of some of the 
water/energy/climate challenges in California, I will focus in this testimony on spe- 
cifics from the state. The methodology and many of the lessons may be extrapolated 
to other parts of the country. 

The Water and Energy Context 

Water use for urban and agricultural purposes around the world has been facili- 
tated through diversions of surface water and extraction of groundwater delivered 
through conveyance systems. Both water and energy are often transported over long 
distances from their sources to the place where they are ultimately used. As techno- 
logical capacity developed over the past century, surface water diversions, ground- 
water extraction, and conveyance systems increased in volume and geographic ex- 
tent. Interbasin transfers supplemented water available within natural hydrological 
basins or watersheds. Agricultural and urban uses of arid lands were vastly ex- 
tended by imported water. Similarly, energy systems have evolved from largely local 
sources a century ago to continent-wide electricity grids and pipeline networks, and 
to global supply-lines. 

Rainfall patterns in the United States vary widely. In Las Vegas, the driest of 
America’s major cities, precipitation averages barely four inches (102 mm) per year. 
Portland, Oregon has nine times the precipitation of Las Vegas. Miami, Florida is 
doused with over 55 inches (1,397 mm) per year, and the Northeast usually receives 
above 75 inches (1,778 mm) per year. 

Generally, states east of the Mississippi have been assumed to have abundant 
water resources for water supply purposes. Recent droughts and shortages in Flor- 
ida and the Southeast as well as other parts of the “wet” east are changing this 
perception. West of the Mississippi, and particularly west of the Rocky Mountains, 
federally subsidized engineered systems of large dams and aqueducts or pipelines 
provide water supplies to many users. These systems were constructed during the 
1900s, motivated primarily by droughts that occurred periodically. Today, the 
sources of water for these facilities are over-allocated, and “new” future supplies are 
increasingly coming from improved water-use efficiency and recycling rather than 
from expensive new water supply development projects. 

The focus of technology development and policy for much of the past century has 
been on the supply side of both the energy and water equations. That is, the empha- 
sis was on extracting, storing, converting, and conveying water and energy from nat- 
ural systems to users. Water and energy policy throughout the world has generally 
been designed to facilitate the development and use of these supply-side tech- 
nologies. In the last quarter century, however, scientific developments and techno- 
logical innovation has increasingly been applied to improvement of the efficiency of 
use of energy and water resources. (“Efficiency” as used here describes the useful 
work or service provided by a given amount of water or energy.) Significant poten- 
tial economic as well as environmental benefits can be cost-effectively achieved 
through efficiency improvements in water and energy systems. Various technologies, 
from electric motors and lighting systems to pumps and plumbing fixtures have 
vastly improved end-use efficiencies. 

Today, the main constraints on water extractions are not technology limitations. 
Indeed, there is significant spare capacity for pumping and conveyance in many 
areas. The limits are increasingly imposed by competing claims on scarce water re- 
sources (e.g., the various claims to the Colorado River), legal constraints, and envi- 
ronmental impacts. 

Costs of building and maintaining infrastructure have also risen dramatically. 
The maintenance cost for existing water and wastewater systems is staggering. The 
American Society of Civil Engineers estimate an annual need for over $30 billion 
for safe drinking water ($11 billion) and properly functioning wastewater treatment 



27 


systems (about $20 billion) in the United States. 1 They also indicate a need for 
about $1 billion per year to repair unsafe non-federal dams, the number of which 
has increased by a third in the past decade. 2 

The focus of technology development and implementation policy to meet water 
needs is therefore increasingly on more efficient use and on water treatment tech- 
nologies. Innovation and development of technology in the areas of end-use water 
applications and water treatment has progressed rapidly. Techniques and tech- 
nologies ranging from laser leveling of fields and drip irrigation systems to the im- 
proved design of plumbing fixtures, industrial processes, and treatment technology 
have changed the demand side of the water equation. End-uses of water now require 
much less volume to provide equivalent or superior services. Rainwater capture for 
groundwater recharge and other innovative water capture strategies are also en- 
hancing water supply reliability. Water supply systems (e.g., treatment and dis- 
tribution) are also becoming more efficient. For example, geographical information 
systems (GIS) and field technologies allow for improved capabilities to locate leaks 
in buried pipes. 

The Climate Change Context for Water Policy 

Climate change poses important water and energy management challenges. 
Science is indicating that the rate and magnitude of warming and related impacts 
are increasing. The Intergovernmental Panel on Climate Change’s (IPCC’s) Fourth 
Assessment Report in 2007 projected that the rate of warming over the 21st cen- 
tury — up to 11.5 degrees Fahrenheit — would be much greater than the observed 
changes during the 20th century. The report also confirmed that “11 of the last 12 
years (1995 to 2006) rank among the twelve warmest years . . . since 1850.” 3 (The 
year 2007 has now registered as the second hottest year, extending the trend.) The 
IPCC projects the following changes as a result of increased temperatures: 4 

• more frequent hot extremes, heat waves, and heavy precipitation events 

• more intense hurricanes and typhoons 

• decreases in snow cover, glaciers, ice caps, and sea ice 

• rise in global mean sea level of seven to 23 inches, however this projection 
does not include accelerated ice sheet melting and other factors. 

Climate models consistently indicate a warmer future for the U.S. West. Evidence 
of warming trends is already being seen in winter temperatures in the Sierra Ne- 
vada, which rose by almost two degrees Celsius (four degrees Fahrenheit) during 
the second half of the 20th century. Trends toward earlier snowmelt and runoff to 
the Sacramento-San Joaquin Delta over the same period have also been detected. 5 
Water managers are particularly concerned with the mid-range elevation levels 
where snow shifts to rain under warmer conditions, thereby reducing snow-water 
storage. California’s Department of Water Resources, along with the California En- 
ergy Commission, has been tracking the climate change science since the 1980s. 6 

California law states clearly that “Global warming poses a serious threat to the 
economic well-being, public health, natural resources, and the environment of Cali- 
fornia.” 7 The potential impacts of climate change and variability to California are 
serious. 8 Integrated policy, planning, and management of water resources and en- 


1 American Society of Civil Engineers, Report Card, http : / / www.asce.org / reportcard 12005 / 
page.cfm?id=23 

2 American Society of Civil Engineers, Report Card, http : / / www.asce.org / reportcard / 2005 / 
page.cfm?id=23 

3 Climate Change 2007: The Physical Science Basis: Summary for Policy-makers. Contribution 
of Working Group I to the Fourth Assessment Report of the Intergovernmental Panel on Cli- 
mate Change, p. 4. http://www.ipcc.ch/index.htm 

4 Climate Change 2007: The Physical Science Basis: Summary for Policy-makers. Contribution 
of Working Group I to the Fourth Assessment Report of the Intergovernmental Panel on Cli- 
mate Change, http:/ lwvw.ipcc.chlindex.htm 

5 Dettinger, MichaeLD., and Dan R. Cayan. 1994. Large-scale atmospheric forcing of recent 
trends toward early snowmelt runoff in California. Journal of Climate 8: 606-23. 

6 California Department of Water Resources, 2006. Progress on Incorporating Climate Change 
into Management of California’s Water Resources, http:/ / www.climatechange.ca.gov / docu- 
ments / 2006-07 -DWR _ CLIMATE _ CHANGE-F1NAL.PDF 

7 California Global Warming Solutions Act of 2006, (AB32) Section 38501 (a). 

8 Intergovernmental Panel on Climate Change (IPCC) documents at: http://www.ipcc.chl 
index.htm; Wilkinson, Robert C., 2002. The Potential Consequences of Climate Variability and 
Change for California, The California Regional Assessment, Report of the California Regional 
Assessment Group for the U.S. Global Change Research Program, National Center for Geo- 

Continued 
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ergy systems can provide important opportunities to respond effectively to chal- 
lenges posed by climate change. Both mitigation (i.e., reducing greenhouse gas emis- 
sions) and adaptation (dealing with impacts) strategies are being developed. While 
both energy and water managers have used integrated planning approaches for dec- 
ades, the broader integration of water and energy management in the context of cli- 
mate change is a relatively new and exciting policy area. 

Integrating Water and Energy Policy 

Government agencies at various levels are currently integrating water and energy 
policies to respond to climate change as well as to environmental challenges and 
economic imperatives. Water and energy systems are interconnected in important 
ways. Developed water systems provide energy (e.g., through hydropower), and they 
consume energy through pumping, thermal, and other processes. Government agen- 
cies are looking at water delivery system and end-use water efficiency improve- 
ments, source switching (e.g., using recycled water for industry and irrigation), im- 
proved rainwater capture and groundwater recharge, and other measures that save 
energy by reducing pumping and other energy inputs. Recent studies are indicating 
significant opportunities in each area. 9 Several California examples of coupled 
science/technology/policy approaches are presented here. While they are specific to 
the state, many of the basic features are similar in other states across the U.S. 

New approaches to the integration of water, energy, and climate change policy 
and planning, including policy processes at the state’s Energy Commission, Public 
Utilities Commission, Department of Water Resources, Water Resources Control 
Board, and Air Resources Board, are being developed. Methodologies to account for 
embedded energy in water systems — from initial extraction through treatment, dis- 
tribution, end-use, wastewater treatment and discharge — and water use by energy 
systems, have been developed and are outlined below. 10 Institutional collaboration 
between energy, water, and other management authorities is also evolving. 

Integrated Energy Policy Report, November 2005, CEC-100-2005-007-CMF: and 
Klein, Gary (2005). California Energy Commission, California’s Water — Energy Re- 
lationship. Final Staff Report, Prepared in Support of the 2005 Integrated Energy 
Policy Report Proceeding, (04-IEPR-01E) November 2005, CEC-700-2005-011-SF. 

Water is now recognized as the largest electricity use in California. Water systems 
account for approximately 19 percent of total electricity use and about 33 percent 
of the non-power plant natural gas use in the state. 11 The California Energy Com- 
mission (CEC) and the California Public Utilities Commission (CPUC) have both 
concluded that energy embedded in water presents large untapped opportunities for 
cost-effectively improving energy efficiency and reducing greenhouse gas (GHG) 
emissions. The CEC commented in its 2005 Integrated Energy Policy Report that: 
“The Energy Commission, the Department of Water Resources, the CPUC, local 
water agencies, and other stakeholders should explore and pursue cost-effective 
water efficiency opportunities that would save energy and decrease the energy in- 
tensity in the water sector.” 12 Fortunately this corresponds with the state’s 2005 
Water Plan. 13 

The California Energy Commission’s staff report, California’s Water — Energy Re- 
lationship, notes that: “In many respects, the 2005 Water Plan Update mirrors the 
state’s adopted loading order for electricity resources described in the Energy Corn- 


graphic Information Analysis, and the National Center for Ecological Analysis and Synthesis, 
University of California, Santa Barbara. Available at: http:/ / www.ncgia.ucsb.edu / products.html 

9 See for example: Park, Laurie, Bill Bennett, Stacy Tellinghuisen, Chris Smith, and Robert 
Wilkinson, 2008. The Role of Recycled Water In Energy Efficiency and Greenhouse Gas Reduc- 
tion, California Sustainability Alliance, available at: www.sustainca.org. Also see: California En- 
ergy Commission (2005). Integrated Energy Policy Report, November 2005, CEC— 100— 2005— 007— 
CMF: and Klein, Gary (2005). California Energy Commission, California’s Water — Energy Rela- 
tionship. Final Staff Report, Prepared in Support of the 2005 Integrated Energy Policy Report 
Proceeding, (04-IEPR-01E) November 2005, CEC-700-2005-011-SF. 

10 Wilkinson, Robert C. (2000). Methodology For Analysis of The Energy Intensity of Califor- 
nia’s Water Systems, and an Assessment of Multiple Potential Benefits Through Integrated 
Water-Energy Efficiency Measures, Exploratory Research Project, Ernest Orlando Lawrence 
Berkeley Laboratory, California Institute for Energy Efficiency; California Energy Commission 
(2005). Integrated Energy Policy Report, November 2005, CEC-100-2005— 007-CMF: California 
Energy Commission (2005). 

11 California Energy Commission (2005). Integrated Energy Policy Report, November 2005, 
CEC— 100— 2005— 007— CMF. 

12 California Energy Commission (2005). Integrated Energy Policy Report, November 2005, 
CEC— 100— 2005— 007— CMF. 

13 California Department of Water Resources (2005). California Water Plan Update 2005. Bul- 
letin 160-05, California Department of Water Resources, Sacramento, CA. 
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mission’s Integrated Energy Policy Report 2005 and the multi-agency Energy Action 
Plan.” 14 

One of the top recommendations in the California Energy Commission’s 2005 Inte- 
grated Energy Policy Report (IEPR) is as follows: “The Energy Commission strongly 
supports the following energy efficiency and demand response recommendations: 
The CPUC, Department of Water Resources, the Energy Commission, local water 
agencies and other stakeholders should assess efficiency improvements in hot and 
cold water use in homes and businesses, and include these improvements in 2006- 
2008 programs.” It observes that “Reducing the demand for energy is the most effec- 
tive way to reduce energy costs and bolster California’s economy.” 15 

Improvements in urban water use efficiency have been identified by the Depart- 
ment of Water Resources in its official State Water Plan as the largest new water 
supply for the next quarter century, followed by groundwater management and 
reuse. The following graph indicates the critical role water use efficiency, ground- 
water recharge and management, and reuse will play in California’s water future. 
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The CEC staff report notes that, “As California continues to struggle with its 
many critical energy supply and infrastructure challenges, the state must identify 
and address the points of highest stress. At the top of this list is California’s water- 
energy relationship.” 16 It continues with this interesting finding: “The state can 
meet energy and demand-reduction goals comparable to those already planned by 
the state’s investor-owned energy utilities for the 2006-2008 program period by sim- 
ply recognizing the value of the energy saved for each unit of water saved. If al- 
lowed to invest in these cold water energy savings, energy utilities could co-invest 
in water use efficiency programs, which would in turn supplement water utilities’ 
efforts to meet as much load growth as possible through water efficiency. Remark- 


14 Klein, Gary (2005). California Energy Commission, California’s Water — Energy Relation- 
ship. Final Staff Report, Prepared in Support of the 2005 Integrated Energy Policy Report Pro- 
ceeding, (04-IEPR-01E) November 2005, CEC-700-2005-011-SF. 

15 California Department of Water Resources (2005). California Water Plan Update 2005. Bul- 
letin 160-05, California Department of Water Resources, Sacramento, CA. 

16 Klein, Gary (2005). California Energy Commission, California’s Water — Energy Relation- 
ship. Final Staff Report, Prepared in Support of the 2005 Integrated Energy Policy Report Pro- 
ceeding, (04-IEPR-01E) November 2005, CEC-700-2005-011-SF. 




30 


ably, staffs initial assessment indicates that this benefit could be realized at less 
than half the cost to electric rate payers of traditional energy efficiency meas- 
ures.” 17 

This finding is consistent with an earlier analysis which found that energy use 
for conveyance, including interbasin water transfer systems (systems that move 
water from one watershed to another) in California, accounted for about 6.9 percent 
of the state’s electricity consumption. 18 Estimates by CEC’s Public Interest Energy 
Research — Industrial, Agriculture and Water (PIER-IAW) experts indicate that 
“total energy used to pump and treat this water exceeds 15,000 GWh per year, or 
at least 6.5 percent of the total electricity used in the state per year.” They also note 
that the State Water Project (SWP) — the state-owned storage and conveyance sys- 
tem that transfers water from Northern California to various parts of the state in- 
cluding Southern California — is the largest single user of electricity in the state, ac- 
counting for two percent to three percent of all the electricity consumed in Cali- 
fornia and using an average of 5,000 GWh per year. 19 

The magnitude of these figures suggests that failing to include embedded energy 
in water and wastewater systems, and failing to tap energy saving derived from 
water efficiency improvements would be a policy opportunity lost. 

Tapping Integrated Water/Energy Opportunities 

Elements of typical water infrastructures are energy intensive. Moving large 
quantities of water long distances and over significant elevation gains, treating and 
distributing it within communities, using it for various purposes, and collecting and 
treating the resulting wastewater, accounts for one of the largest uses of electrical 
energy in many areas. 20 


Energy intensity of water is the total amount of energy, calculated on a whole-system 
basis, required for the use of a given amount of water in a specific location. 


Water systems include extraction of “raw” (untreated) water supplies from natural 
sources, conveyance, treatment, storage, distribution, end-uses, and wastewater 
treatment. The total energy embodied in a unit of water used in a particular place 
varies with location, source, and use. 

There are four principle energy elements of water systems: 

1. primary water extraction, conveyance, and storage 

2. treatment and distribution within service areas 

3. on-site water pumping, treatment, and thermal inputs (heating and cooling) 

4. wastewater collection, treatment and discharge 

Pumping water in each of these stages is energy-intensive. Other important en- 
ergy inputs include thermal energy (heating and cooling) applications at the point 
of end-use, and aeration in wastewater treatment processes. 

1. Primary water extraction, conveyance, and storage. Extracting and 
lifting water is highly energy intensive. Surface water and groundwater 
pumping requires significant amounts of energy depending on the depth of 
the source. Where water is stored in intermediate facilities, net energy is re- 
quired to store and then recover the water. 


17 Klein, Gary (2005). California Energy Commission, California’s Water — Energy Relation- 
ship. Final Staff Report, Prepared in Support of the 2005 Integrated Energy Policy Report Pro- 
ceeding, (04-IEPR-01E) November 2005, CEC-700-2005-011-SF. 

18 Wilkinson, Robert C. (2000). Methodology For Analysis of The Energy Intensity of Califor- 
nia’s Water Systems, and an Assessment of Multiple Potential Benefits Through Integrated 
Water-Energy Efficiency Measures, Exploratory Research Project, Ernest Orlando Lawrence 
Berkeley Laboratory, California Institute for Energy Efficiency. 

19 California Energy Commission (2006). Public Interest Energy Research — Industrial, Agri- 
culture and Water, http:! I energy.ca.gov I pier I iaw / industry / water.html 

"For a methodology to examine water intensity, see: Wilkinson, Robert C., 2000. Methodology 
For Analysis of The Energy Intensity of California’s Water Systems, and an Assessment of Mul- 
tiple Potential Benefits Through Integrated Water-Energy Efficiency Measures, Exploratory Re- 
search Project, Ernest Orlando Lawrence Berkeley Laboratory, California Institute for Energy 
Efficiency. 
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2. Treatment and distribution within service areas. Within local service 
areas, water is treated, pumped, and pressurized for distribution. Local con- 
ditions and sources determine both the treatment requirements and the en- 
ergy required for pumping and pressurization. Some distribution systems are 
gravity-driven, while others require pumping. 

3. On-site water pumping, treatment, and thermal inputs. Individual 
water users require energy to further treat water supplies (e.g., softeners, fil- 
ters, etc.), circulate and pressurize water supplies (e.g., building circulation 
pumps), and heat and cool water for various purposes. 

4. Wastewater collection, treatment, and discharge. Finally, wastewater is 
collected and treated by a wastewater system (unless a septic system or 
other alternative is being used) and discharged. Wastewater is sometimes 
pumped to treatment facilities where gravity flow is not possible, and the 
standard treatment processes require energy for pumping, aeration, and 
other processes. 

The simplified flow chart 21 below illustrates the steps in the water system proc- 
ess. 
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The energy intensity of water varies considerably by geographic location of both 
end-users and sources. Water use in certain places is highly energy-intensive due 
to the combined requirements of conveyance over long distances and elevation lifts, 
treatment and distribution, and wastewater collection and treatment processes. Im- 
portant work already undertaken by various government agencies, professional asso- 
ciations, private sector users, and non-governmental organizations in the area of 
combined end-use efficiency strategies has demonstrated considerable potential for 
improvement. Significant and profitable energy efficiency gains are possible through 
implementation of cost-effective water efficiency improvements. 

The Energy Intensity of Water in California: A Case Study 

California’s water systems are uniquely energy-intensive due in large part to the 
pumping requirements of major conveyance systems which move large volumes of 
water long distances and over thousands of feet in elevation. Some interbasin trans- 


21 This schematic and method is based on Wilkinson (2000) with refinements by Gary Klein, 
California Energy Commission, Gary Wolff, Pacific Institute, and others. 
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fer systems such as California’s State Water Project (SWP) and the Colorado River 
Aqueduct (CRA) require large amounts of electrical energy to convey water. 

Water use (based on embedded energy) is the second or third iargest consumer 
of electricity in a typical Southern California home after refrigerators and air condi- 
tioners. 22 The electricity required to support water service in the typical home in 
Southern California is estimated to be between 14 percent to 19 percent of total res- 
idential energy demand. 23 The Metropolitan Water District of Southern California 
(MWD) reached similar findings, estimating that energy requirements to deliver 
water to residential customers equals as much as 33 percent of the total average 
household electricity use. 24 Nearly three quarters of this energy demand is for 
pumping imported water. 

Water system operations pose a number of challenges for energy systems due to 
factors such as large loads for specific facilities, time and season of use, and geo- 
graphic distribution of loads. Pumping plants are among the largest electrical loads 
in the state. For example, the SWP’s Edmonston Pumping Plant, situated at the foot 
of the Tehachapi Mountains, pumps water 1,926 feet (the highest single lift of any 
pumping plant in the world) and is the largest single user of electricity in the 
state. 25 In total, the SWP system is the largest user of electricity in the state. 26 A 
study for the Electric Power Research Institute by Franklin Burton found that at 
a national level, water systems account for an estimated 75 billion kWh per year 
(about three percent of total electricity demand). 27 

The schematic below shows the cumulative net energy, and the incremental en- 
ergy inputs or outputs, at each of the pumping and energy recovery facilities of the 
SWP. (Energy recovery is indicated with negative numbers, which reduce net energy 
at that point in the system.) 


22 Wilkinson, Robert C. (2000). Methodology For Analysis of The Energy Intensity of Califor- 
nia’s Water Systems, and an Assessment of Multiple Potential Benefits Through Integrated 
Water-Energy Efficiency Measures, Exploratory Research Project, Ernest Orlando Lawrence 
Berkeley Laboratory, California Institute for Energy Efficiency; QEI, Inc. (1992). Electricity Effi- 
ciency Through Water Efficiency, Report for the Southern California Edison Company. 

23 QEI, Inc. (1992). Electricity Efficiency Through Water Efficiency, Report for the Southern 
California Edison Company. 

24 Metropolitan Water District of Southern California (1996). Integrated Resource Plan for 
Metropolitan’s Colorado River Aqueduct Power Operations. 

25 California Department of Water Resources (1996). Management of the California State 
Water Project. Bulletin 132—96. 

26 Anderson, Carrie (1999). “Energy Use in the Supply, Use and Disposal of Water in Cali- 
fornia,” Process Energy Group, Energy Efficiency Division, California Energy Commission. 

27 Burton, Franklin L. (1996). Water and Wastewater Industries: Characteristics and Energy 
Management Opportunities. (Burton Engineering) Los Altos, CA, Report CR-106941, Electric 
Power Research Institute Report. 
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Approximately 5,418 kWh are required to pump one acre-foot of SWP water from 
the Sacramento-San Joaquin Delta to Cherry Valley on the East Branch, 2,580 
kWh/af at Castaic on the West Branch, and 2,826 kWh/af to Polonio on the Coastal 
Branch. Approximately 2,000 kWh/af is required to pump Colorado River water to 
Southern California. 28 This is raw (untreated) water delivered to those points. From 
there conveyance continues by gravity or pumping to treatment and distribution 
within service areas. 

Note that at certain points in the system the energy intensity is high because the 
service areas are located at higher elevations. At Pearblossom (4,444 kWh/af) raw 
water supplies are roughly equivalent to estimates for desalinated ocean water sys- 
tems. (Ocean desalination is estimated at 4,400 kWh/af based on work by the author 
for the California Desalination Task Force.) At Crafton Hill and Cherry Valley, the 
energy intensity of imported water is well in excess of current estimates of ocean 
desalination. 

The following graph shows the energy intensity of major water supply options for 
actual inland and coastal locations in Southern California. 


28 Metropolitan Water District of Southern California (1996). Integrated Resource Plan for 
Metropolitan’s Colorado River Aqueduct Power Operations. 
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Each bar represents the energy intensity of a specific water supply source at se- 
lected locations in Southern California. The data is presented in kWh/af. Water con- 
servation — e.g., not using water in the first place — avoids additional energy inputs 
along all segments of the water use cycle. Consequently, water use efficiency is the 
superior water resource option from an energy perspective (and typically from a cost 
perspective as well). For all other water resources, there are ranges of actual energy 
inputs that depend on many factors, including the quality of source water, the en- 
ergy intensity of the technologies used to treat the source water to standards needed 
by end-users, the distance water needs to be transported to reach end-users, and 
the efficiency of the conveyance, distribution, and treatment facilities and systems . 29 

Note that improved efficiency (e.g., fixing leaks, replacing inefficient plumbing fix- 
tures and irrigation systems, and other cost-effective measures) requires no water 
system energy inputs. Next to water conservation, recycled water and groundwater 
are lower energy intensity options than most other water resources in many areas 
of California . 30 Even with advanced treatment to deal with salts and other contami- 
nants (the blue and green bars), recycled water and groundwater usually require far 
less energy than the untreated imported water (red bars) and seawater desalination 
(yellow bars). The Chino desalter, a reverse osmosis (RO) treatment process pro- 
viding high-quality potable water from contaminated groundwater (the energy figure 
above includes groundwater pumping and RO filtration) is far less energy intensive 
than any of the imported raw water. From an energy standpoint, greater reliance 
on water conservation, reuse and groundwater provides significant benefits. From 
a greenhouse gas emissions standpoint, these energy benefits provide significant po- 
tential emissions reduction benefits in direct relation to their energy savings. 

Groundwater pumping energy requirements vary depending on the lift required. 
The California Energy Commission’s Public Interest Energy Research — Industrial, 
Agriculture and Water program provides the following assessment of pumping in 
important parts of the Central Valley: “The amount of energy used in pumping 


29 Wilkinson, Robert C. (2000). Methodology For Analysis of The Energy Intensity of Califor- 
nia’s Water Systems, and an Assessment of Multiple Potential Benefits Through Integrated 
Water-Energy Efficiency Measures, Exploratory Research Project, Ernest Orlando Lawrence 
Berkeley Laboratory, California Institute for Energy Efficiency. 

30 Park, Laurie, Bill Bennett, Stacy Tellinghuisen, Chris Smith, and Robert Wilkinson, 2008. 
The Role of Recycled Water In Energy Efficiency and Greenhouse Gas Reduction, California Sus- 
tainability Alliance, available at: www.sustainca.org 
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groundwater is unknown due to the lack of complete information on well-depth and 
groundwater use. DWR has estimated groundwater use and average well depths in 
three areas responsible for almost two-thirds of the groundwater used in the state: 
the Tulare Lake basin, the San Joaquin River basin, and the Central Coast region. 
Based on these estimates, energy used for groundwater pumping in these areas 
would average 2,250 GWh per year at a 70 percent pumping efficiency (1.46 kWh/ 
acre-foot/foot of lift). In the Tulare Lake area, with an average well depth of 120 
feet, pumping would require 175 kWh per acre-foot of water. In the San Joaquin 
River and Central Coast areas, with average well depths of 200 feet, pumping would 
require 292 kWh per acre-foot of water.” 31 Analysis of these different sources pro- 
vides a reasonably consistent result: Local groundwater and recycled water are far 
less energy intensive than imported water or ocean desalination. 

The energy intensity of most water supply sources may increase in the future due 
to increased concerns regarding water quality. 32 It is worth noting that advanced 
treatment systems such as RO facilities that are being used to treat groundwater, 
reclaimed supplies, and ocean water have already absorbed most of the energy im- 
pacts of higher levels of treatment. By contrast, some of the raw water supplies may 
require larger incremental energy inputs in the future for treatment. This may fur- 
ther advantage the local sources. 

Policy Implications: Tapping Multiple Benefits Through Integrated Plan- 
ning 

When the costs and benefits of a proposed policy or action are analyzed, we typi- 
cally focus on accounting for costs, and then we compare those costs with a specific, 
well-defined benefit such as an additional increment of water supply. We often fail 
to account for other important benefits that accrue from well-planned investments 
that solve for multiple objectives. With a focus on multiple benefits , we account for 
various goals achieved through a single investment. For example, improvements in 
water use efficiency — meeting the same end-use needs with less water — also typi- 
cally provides related benefits such as reduced energy requirements for water pump- 
ing and treatment (with reduced pollution and greenhouse gas emissions related to 
energy production as a result), and reduced water and wastewater infrastructure ca- 
pacity (capital costs) and processing (operating costs) requirements. Impacts caused 
by extraction of source water from surface or groundwater systems are also reduced. 
Water managers often do not receive credit for providing these multiple benefits 
when they implement water efficiency, recharge, and reuse strategies. From both an 
investment perspective, and from the standpoint of public policy, the multiple bene- 
fits of efficiency improvements and recharge and reuse should be fully included in 
cost/benefit analysis. 

Policies that account for the full embedded energy of water use have the potential 
to provide significant additional public and private sector benefits. Economic and en- 
vironmental benefits are potentially available through new policy approaches that 
properly account for the energy intensity of water. 

Energy savings may be achieved both upstream and downstream of the point of 
use when the energy consumption of both water supply and wastewater treatment 
systems are taken into account. Methods, metrics, and data are available to provide 
a solid foundation for policy approaches to account for energy savings from water 
efficiency improvements, though can and should be improved. Policies can be based 
on methodologies and metrics that are already established. 

Policy Precedents and the Role of Government 

Water and energy are currently regulated by government because there is a com- 
pelling public interest in oversight and management of these critical resources. En- 
couraging and requiring the efficient use of both water and energy is a well-estab- 
lished part of the policy mandate under which government agencies operate. Ineffi- 
cient use of water and energy leads to public and private costs to the economy and 
the environment. The public interest in resource-use efficiency relates directly to en- 
vironmental impacts and public welfare. This is why we have efficiency standards 
for energy and water resources. Water-using devices, like energy-using devices, are 
often regulated through various policy measures including efficiency standards. 


31 California Energy Commission (2006). Public Interest Energy Research — Industrial, Agri- 
culture and Water, http:/ / energy.ca.gov / pier / iaw / industry / water.html 

32 Burton, Franklin L. (1996). Water and Wastewater Industries: Characteristics and Energy 
Management Opportunities. (Burton Engineering) Los Altos, CA, Report CR-106941, Electric 
Power Research Institute Report. 



36 


Policy regarding both energy and water already addresses water use and related 
embedded energy use. For example, the U.S. Energy Policy Act of 1992 set stand- 
ards for the maximum water use of toilets, urinals, showerheads, and faucets. (See 
Table below.) Why does the U.S. Energy Act include standards for water use? It is 
because the energy required to convey, treat, and deliver potable water supplies, 
and the energy required to collect, treat, and discharge the resulting wastewater, 
is significant. The energy savings resulting from water efficiency are also signifi- 
cant. 


Plumbing Standards in the U.S. Energy Policy Act of 1992 

(Standard measured at 80 psi or 552 kPA) 


Fixture 

U.S. Standard 

Metric Equivalent 

Water Closets (Toilets) 

1 .6 gallons per flush 

6.0 liters per flush 

Showerheads 

2.5 gallons per minute 

9.5 liters per minute 

Faucets 

2.2 gallons per minute 

8.3 liters per minute 

Urinals 

1 .0 gallon per flush 

3.8 liters per flush 


These standards became effective in 1994 for residential and commercial plumb- 
ing fixtures, although the commercial water closet standard was not required until 
1997 because of uncertainties regarding performance of the fixtures. In this respect, 
the United States is well behind certain countries of Europe, where the six-liter 
water closet has been in use for many years and where horizontal axis washing ma- 
chines are more common than in the United States. 

In 1996, the U.S. Congress passed a reauthorization of the Federal Safe Drinking 
Water Act. For the first time, Congress formally recognized the need for water con- 
servation planning by allowing individual states to mandate conservation planning 
and implementation as a condition of receiving federal grants for water supply 
treatment facilities. 33 This was a significant step for the federal government. At 
about the same time, the U.S. Bureau of Reclamation set conservation and efficiency 
requirements for those agricultural and urban water agencies that receive federally 
subsidized water from the Bureau facilities. This also was a significant step. Other 
federal statutes create incentives for farmers and landowners to participate in soil 
and water conservation programs, and to initiate voluntary water transfers of con- 
served water. 

The significant water efficiency and conservation activity, however, takes place at 
the State and regional levels. Interest in water efficiency is primarily highest in 
those regions of the country where precipitation is lowest, or where wastewater 
treatment costs have skyrocketed. Seventeen states, representing over 60 percent of 
the Nation’s population, had already adopted their own plumbing efficiency stand- 
ards long before passage of the federal law in 1992. Fifteen states have also adopted 
specific conservation programs, which vary from mandating conservation planning 
by water utilities to requiring actual implementation of specific water efficiency pro- 

g rams. The states most active in conservation activities are: Arizona; California; 

iolorado; Connecticut; Florida; Kansas; New Jersey, Oregon; Texas; and Wash- 
ington State. 34 Individual cities have also adopted water efficiency programs where 
necessary (New York City, Boston, and Las Vegas are examples). 

In general, where water supply withdrawals are regulated by State agencies, 
water conservation is usually a prominent planning requirement for water utilities. 
A number of states not only require plans of their water utilities, but also require 
that progress be demonstrated in water efficiency programs before approvals for 
continued water supply withdrawals are given. Many states also condition State 
grants for new facility construction upon a satisfactory demonstration of conserva- 
tion planning and implementation by the water utility. 35 

California adopted plumbing standards in 1978 for showerheads and faucets, and 
water closet standards in 1992. Comprehensive conservation planning was adopted 


33 U.S. Environmental Protection Agency (1998). Water Conservation Plan Guidelines for Im- 
plementing the Safe Drinking Water Act. 

34 Miri, Joseph, 1999. “Snapshot of Conservation Management: A Summary Report of the 
American Water Works Association Survey of State Water Conservation Programs.” American 
Water Works Association. 

35 One of the best sources on water efficiency in the U.S. is Mary Ann Dickinson, Executive 
Director, Alliance for Water Efficiency, P.O. Box 804127, Chicago, IL 60680-4127. The Alliance 
web site is: www.allianceforwaterefficiency.org 
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in 1983 for all water agencies serving more than 3,000 connections or 3,000 peo- 
ple. 36 In a unique consensus partnership, a Memorandum of Understanding was 
signed in 1991 by major water utilities and environmental groups pledging to under- 
take water efficiency practices (the “Best Management Practices”). 37 

Environmental Benefits of Integrated Water and Energy Efficiency Strate- 
gies 

Water conservation is a powerful tool in the integrated resource management tool- 
box. By reducing the need for new water supply and additional wastewater treat- 
ment — particularly in areas of rapid population growth — conserved water allows 
more equitable allocation of water resources for other purposes. By way of illustra- 
tion, one estimate indicates that the installation of 1.6 gallon per flush toilets in 
the U.S. will save over two billion gallons per day nationwide by the year 2010. 38 
These saved water resources can be directed toward future water supply growth or 
other uses for the water. It “stretches” the available supply. 

Perhaps most significantly, it has become clear in recent decades that the extrac- 
tion and diversion of water supplies has had major impacts on the quality of the 
natural environment and on individual species. Facilities built to dam, divert, trans- 
port, pump, and treat water are massive projects that often cause serious and some- 
times irreversible environmental impacts. 

As a result, water conservation is playing an important role in helping meet the 
environmental goals of many communities. Efficiency programs have been required 
in numerous areas to help achieve some of the following results: 

• Maintaining habitat along rivers and streams and restoring fisheries; 

• Protecting groundwater supplies from excessive depletion and contamination; 

• Improving the quality of wastewater discharges; 

• Reducing excessive runoff of urban contaminants; and 

• Restoring the natural values and functions of wetlands and estuaries. 

The Role of Price Signals Coupled With Policy 

Attention has turned to technologies that improve energy and water-use effi- 
ciency. From industrial processes to plumbing fixtures and irrigation systems, water 
is being used far more efficiently than in the past. One reason the focus of techno- 
logical innovation has shifted from supply development to improving efficiency is ec- 
onomics. When water is cheap, there is little incentive to design and build water- 
efficient technologies. As the cost of water increases, technology options for reducing 
waste and providing greater end-use efficiency become more cost-effective and even 
profitable. Technologies for measuring, timing, and controlling water use, and new 
innovations in the treatment and re-use of water, are growing areas of technology 
development and application. 

Impetus for scientific inquiry and technology innovation and development has 
been provided by both price signals (increasing costs) and public policy (e.g., require- 
ments for internalization of external costs). Public policy is increasingly incor- 
porating these costs, including those of climate change, into resource prices. As 
water and energy prices continue to reflect full costs, including environmental costs 
previously externalized, they increase. 

At the same time, technology has provided a wide range of options for expanding 
the utility value through efficiencies (less water and energy required to perform a 
useful service). The ability to treat and reuse water, improve energy efficiency, and 
substituting ways to provide services previously performed by water and energy. 
Broader application of these technologies and techniques can yield significant addi- 
tional energy, water, economic, and environmental benefits. 

Public policy can be designed to encourage “best management practices” by both 
water and energy suppliers and users. Appliance efficiency standards (for both en- 
ergy and water) and minimum waste requirements are examples. Policy measures 
have also been used to frame and guide market signals by implementing mecha- 
nisms such as increasing tiered pricing structures, meter requirements (some areas 
do not even measure use), and other means to utilize simple market principles and 
price signals more effectively. 


36 California Water Code, Sections 10620 et seq. 

37 California Urban Water Conservation Council (1991). "Memorandum of Understanding Re- 
garding Urban Water Conservation in California,” (First adopted September, 1991). 

38 0sann, Edward and John Young (1998). Saving Water Saving Dollars: Efficient Plumbing 
Products and the Protection of American Water. 
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In an economic and resource management sense, efficiency improvements are now 
considered as supply options, to the extent that permanent improvements in the de- 
mand-side infrastructure provide reliable water and/or energy savings. Most experts 
agree that coupling technology options such as efficient plumbing and energy-using 
devices to economic incentives (e.g., rebates) and disincentives (e.g., increasing 
tiered rate structures) is the best strategy. The coupling provides both the means 
to improve productive water and energy use and the incentive to do it. 

Seawater Desalination’s Role in Integrated Water Supply Portfolios 

Seawater desalination has been viewed as the ultimate drought hedge, enabling 
water providers to augment water supplies with desalted ocean water, a virtually 
inexhaustible water source. Both the theory and practice of desalination date back 
to the ancient Greeks and perhaps earlier, but costs have held desalination to lim- 
ited use. 

The salinity of ocean water varies, with the average generally exceeding 30 grams 
per liter (g/1). The Pacific Ocean is 34-38 g/1, the Atlantic Ocean averages about 35 
g/1, and the Persian Gulf is 45 g/1. Brackish water drops to 0.5 to 3.0 g/1. Potable 
water salt levels should be below 0.5 g/1. 

Reducing salt levels from over 30 g/1 to 0.5 g/1 and lower (drinking water stand- 
ards) using existing technologies requires considerable amounts of energy, either for 
thermal processes or for the pressure to drive water through extremely fine filters 
(RO), or for some combination of thermal and pressure processes. Recent improve- 
ments in energy efficiency have reduced the amount of thermal and pumping energy 
required for the various processes, but high energy intensity is still an issue. The 
energy required is in part a function of the degree of salinity and the temperature 
of the water. 

Seawater desalination is a primary source of water in some countries in the Mid- 
dle East. It is also becoming an important resource in other countries including 
Spain, Singapore, China, and Australia. A few recent examples include: 

• In 2006, Singapore completed a 36 MGD seawater reverse osmosis (SWRO) 
plant capable of serving 10 percent of its national water demand. 39 

• As of 2006, more than 20 seawater desalination plants were operating in 
China. 40 

• In November 2006, Western Australia became the first state in the country 
to use desalination as a major public water source. 41 

A number of desalination plants are currently being planned or developed in the 
U.S. On January 25, 2008, Tampa Bay Water announced that it had commenced 
full operations of its 25 MGD desalination plant, presently the largest seawater de- 
salination plant in North America. At full capacity, the plant will provide 10 percent 
of the drinking water supply for the Tampa Bay region. 42 In 2004, the Texas Water 
Development Board (TWDB) identified desalination as an important strategy for 
meeting growth in water demand. 43 In its 2006 update to the Governor and the Leg- 
islature, the TWDB stated that “Seawater desalination can no longer be considered 
a water supply option available only to communities along the Texas Gulf Coast. 44 
It must also be considered as an increasingly viable water supply option for major 


39 “Tuas Seawater Desalination Plant, Seawater Reverse Osmosis (SWRO), Singapore,” 
watertechnology. http:l / www.waterdtechnology.net /projects / tuas / , viewed April 23, 2008. 

40 “Seawater desalination to relieve water shortage in China,” China Economic Net, Feb. 28, 
2006, http:/ / en.ce.cn / Insight / 200602 / 28 / 120060228 -6217706. shtml 

41 “Perth Seawater Desalination Plant, Seawater Reverse Osmosis (SWRO), Kwinana, Aus- 
tralia,” watertechnology. http:/ / www.waterdtechnology.net / projects ! perth / 

42 “Drought- Proof Water Supply Delivering Drinking Water, The Nation’s first large-scale sea- 
water desalination plant eases Tampa Bay region’s drought worries.” News release, January 25, 
2008, http:/ / www.tampabaywater.org /whatshot/readnews.aspx?article=131, viewed April 23, 
2008. 

43 “According to the 2002 State Water Plan, four of the six regional water planning areas with 
the greatest volumetric water supply needs in 2050 will be regions that have large urban, subur- 
ban, and rural populations located on or near the Texas Gulf Coast. These populations could 
conceivably benefit from a new, significant, and sustainable source of high-quality drinking 
water.” The Future of Desalination in Texas, 2004 Biennial Report on Semvater Desalination, 
Texas Water Development Board, p. ix. 

44 Section 16.060 of the Texas Water Code directs the Texas Water Development Board to 
“. . . undertake or participate in research, feasibility and facility planning studies, investiga- 
tions, and surveys as it considers necessary to further the development of cost effective water 
supplies from seawater desalination in the state.” The Code also requires a biennial progress 
report be submitted to the Governor, Lieutenant Governor, and Speaker of the House of Rep- 
resentatives. 
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metropolitan areas throughout Texas.” 45 The report encourages State investments 
for a full-scale seawater desalination demonstration project by the Brownsville Pub- 
lic Utilities Board . . as a reasonable investment in a technology that holds the 
promise of providing unlimited supplies of drinking water even during periods of ex- 
treme drought.” 



In California, interest in seawater desalination is also escalating. Heather Cooly 
and colleagues at the Pacific Institute found that as of 2006, about 266 to 379 MGD 
of new seawater desalination facilities were planned in California. 46 


45 “The Future of Desalination in Texas, 2006 Biennial Report on Seawater Desalination,” 
Texas Water Development Board, Executive Summary, pp. iv— v. 

46 Cooley, Heather, Peter H. Gleick, and Gary Wolff, 2006. Desalination, With a Grain of Salt, 
Pacific Institute for Studies in Development, Environment, and Security, 654 13th Street, Pres- 
ervation Park, Oakland, California 94612, http: // www.pacinst.org / reports / desalination / 
index.htm 
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In November 2007, Poseidon Resources won conditional regulatory approval from 
the California Coastal Commission to build a $300 million plant north of San Diego. 
The Carlsbad Desalination Plant will be the largest in the western hemisphere if 
completed as planned. On its web site, Poseidon reported that most of the plant’s 
capacity has already been committed to serve baseload water requirements for local 
water agencies. 47 

Water Inputs to U.S. Energy Systems 

The other side of the water/energy nexus is the water intensity of energy. In this 
case, water inputs to energy systems are identified and quantified to understand 
where water is used, and how much is required for different types of energy sources 
and services. 

Water inputs to energy systems are significant but highly variable. For example, 
primary fuels, such as oil, gas, and coal, often require water for production, and 
they sometimes “produce” water of various qualities as a by-product of extraction. 
Biofuels may require water not only for irrigation of crops but also for production 
processes. Electricity generation in thermoelectric plants typically uses water for 
cooling and other processes, although dry cooling technology exists and is improving. 
Some forms of electricity production such as wind and certain co-generation proc- 
esses require no water at all. 

The USGS estimates in its most recent analysis that 48 percent of all U.S. fresh- 
water and saline-water withdrawals were used for thermoelectric power, with the 
majority of the fresh water extracted from surface sources (e.g., lakes and rivers) 
and used for once-through cooling at thermal power plants. USGS notes that “about 
52 percent of fresh surface-water withdrawals and about 96 percent of saline-water 
withdrawals were for thermoelectric-power use.” 48 

Water is increasingly viewed as a limiting factor for thermal power plant siting 
and operation. Large-scale thermoelectric plants in the U.S., Europe, and elsewhere 
have experienced serious problems in recent years due to the lack of available cool- 
ing water. Power production was reduced or curtailed in Europe during the heat 


47 Posidon Resources, http:/ / www.carlsbaddesal.com/partnerships.asp 

48 Hutson, Susan S., Nancy L. Barber, Joan F. Kenny, Kristin S. Linsey, Deborah S. Lumia, 
and Molly A. Maupin, 2005. Estimated Use of Water in the United States in 2000, U.S. Geologi- 
cal Survey, Circular 1268, (released March 2004, revised April 2004, May 2004, February 2005) 
USGS, P. 1. http://water.usgs.gov/pubs/circ/2004/circl268/index.html 
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wave in 2003, and power plants in the U.S. have been impacted by low water and 
by elevated temperatures, or both, during the past decade. As recently as this past 
winter power plant operators were concerned about the impact of the drought in the 
U.S. Southeast and the potential for adverse impacts to thermal power plants. Hy- 
droelectric power production is also impacted by low water levels, including a con- 
tinuing long-term dry period in the Colorado River basin. 

Although cooling systems account for the majority of water used in power genera- 
tion, water is also used in other parts of the process: water may be used to mine, 
process, or transport fuels (e.g., coal slurry lines). These processes may have impor- 
tant local impacts on water resources. Some energy sources such as oil shale, tar 
sands, and marginal gas and petroleum reserves may have additional water needs 
and/or significant local impacts on water quality and quantity. 

The U.S. National Labs have been working for several years on an “Energy/Water 
Nexus” effort. 49 A report entitled “Energy Demands on Water Resources Report to 
Congress on the Interdependency of Energy and Water” was submitted to Congress 
in 2007. 50 As with other analyses of the issue, the report found that some energy 
systems are highly dependent on large volumes of water resources (and vulnerable 
to disruptions), while other energy sources are independent of water. Further anal- 
ysis of the opportunities for improving resilience and of beneficial decoupling water 
and energy are in order. 

The National Energy Technology Laboratory (NETL) has developed several stud- 
ies and reports, including an updated report entitled “Estimating Freshwater Needs 
to Meet Future Thermoelectric Generation Requirements” in 2007. 51 NETL has 
strong expertise on coal and thermal power production at coal-fired power plants. 
Its study indicates that water consumption is projected to increase over a range of 
scenarios, while extraction is expected to decline. This is due to an expected shift 
away from one-through cooling systems, which cycle more extracted water through 
the plants, but consume (e.g., evaporate) less than recycle cooling systems. The 
study also indicates that carbon capture and storage (CCS) as a strategy to reduce 
greenhouse gas emissions will add significant water consumptive demands to coal- 
based power production. 

Other studies from federal labs and research institutions are exploring links be- 
tween energy systems and water requirements. The National Renewable Energy 
Lab (NREL), for example, has been working on the role of renewables to reduce 
water demands from the energy sector. 

A recent research project by graduate students at the University of California, 
Santa Barbara found that water use for renewable forms of energy varies substan- 
tially. 52 Solar photovoltaics, wind turbines, and landfill gas-to-energy projects re- 
quire very little water, if any. Likewise, geothermal and concentrating solar power 
(CSP) systems that employ dry cooling technology also have minimal water require- 
ments. In contrast, irrigated bio-energy crops could potentially consume exponen- 
tially more water per unit of electricity generated than thermoelectric plants. Geo- 
thermal plants may also have high water requirements, depending on the geo- 
thermal resource and the conversion technology employed. Many geothermal plants, 
however, rely on geothermal fluids (often high in salts or other minerals). Finally, 
although reservoirs often have multiple purposes (e.g., flood control, water storage, 
and recreation), evaporative (consumptive) losses from hydroelectric facilities per 
unit of electricity are higher than many other forms of generation. As the following 
graph indicates, water requirements vary substantially, depending on the primary 
fuel source and the technology employed. 


49 See for example Sandia’s web site at: http:! / www.sandia.gov / energy-water / 

50 See “Energy Demands on Water Resources Report to Congress on the Interdependency of 
Energy and Water,” U.S. Department of Energy, December 2006, http: II www.sandia.govl en- 
ergy-water I congress -report.htm 

51 National Energy Technology Laboratory, 2007. “Estimating Freshwater Needs to Meet Fu- 
ture Thermoelectric Generation Requirements” 2007 Update, DOE/NETL-400/2007/1304, 
www.netl.doe.gov 

52 Information and graph are from Dennen, Bliss, Dana Larson, Cheryl Lee, James Lee, Stacy 
Tellinghuisen, 2007. “California’s Energy-Water Nexus: Water Use in Electricity Generation,” 
Group Project Report, Donald Bren School of Environmental Science & Management, University 
of California, Santa Barbara, available at: http:! lfiesta.bren.ucsb.edu /~energywaterj 
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The various water inputs to energy systems are, as noted, highly variable. It is 
not at all clear that meeting our energy needs requires large amounts of water, as 
has been the case in the past. Indeed, the data above indicate that we have choices. 
An important step in addressing the water and energy challenge is to analyze the 
relationships between them and the technology and policy options. 

Recommendations for Further Research and Development 

There are of course various approaches to meeting the challenge of water and en- 
ergy in the 21st century. I am pleased to have been asked by this committee to pro- 
vide some thoughts on directions for research and development. 

It is always useful to begin by examining the questions to be addressed. If one 
asks how to provide low-cost water for energy supplies and low-cost energy for water 
supplies, then the question leads to certain kinds of analysis. This indeed is how 
some are framing the question at present. 

It seems clear that both water and energy are scarce in both the economic and 
physical sense, and that there are many competing demands for them. It also seems 
self-evident that environmental impacts (often externalized in the past), are real 
and growing. One of the most significant, but by no means the only one, is climate 
change. 

These observations lead to a conclusion that we should ask a different set of ques- 
tions. It is tempting to take this opportunity to deluge a Congressional Committee 
with a wish-list of research ideas. Instead, I will start with just two questions: 

1. How can we decouple water and energy systems where there are high costs, 
stresses, damages, or vulnerabilities to systems? 

2. How can we maximize water and energy efficiency and productivity so as to 
reduce demands on each and maximize benefits to society? 

Of course these questions involve important data collection and analysis of sub- 
elements of each. To take my first example, we need to identify costs (full costs and 
an accounting for distortions — e.g., subsidies and externalities — at all levels), 
stresses (e.g., limits of systems and things like the causes of, probabilities of, and 
consequences of, exceeding those limits), potential economic, environmental, and so- 
cial damages (including irreversible damages), and vulnerabilities of systems to per- 
turbations caused by either natural events (dry spells) and/or of those with bad in- 
tensions (national security). These are critically important questions for the Nation, 
and they are not being properly asked and framed, let alone addressed. 
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The second question leads to a set of studies that is long overdue. We have fo- 
cused so heavily on supplying energy and water in unlimited quantities at “low 
prices” that we have failed to ask the basic questions regarding opportunities to do 
more with less, let alone limits of the capacity of systems and the implications of 
inefficient and unproductive use (waste) of critical resources. 

My recommendation to this committee is that you follow these important hearings 
with a process to formulate key questions and issues to be addressed by the unsur- 
passed research, business, and public policy capacity of the United States in ad- 
dressing these critical challenges. The Committee should give careful consideration 
to designing, framing, and setting forth key questions to be addressed by the re- 
search and development community (which I would take to include research institu- 
tions, business, NGOs, and other interested stakeholders as well as key government 
agencies) to meet the challenges of water and energy for the country. 

A good example of an effective collaborative along these lines that involves a num- 
ber of federal agencies as well as the research community, local and State govern- 
ment, NGOs, business, and others is the Sustainable Water Resources Roundtable. 53 

By focusing on the key questions, the Committee can provide both the leadership 
and the guidance that is needed. 

Conclusion: Opportunities for Integrated Water/Energy Policy Policy 

Policy frameworks are critical to achieving success based on advances in science 
and technology. In considering alternative policy strategies, decision-makers should 
carefully analyze and consider the potential multiple benefits available from inte- 
grated strategies. 

The United States, like other nations, faces formidable challenges in providing 
water and energy to its citizens in the face of scarcity, rising costs, security threats, 
climate change, and much else. We are fortunate to have the scientific and techno- 
logical capacity, and the institutions of governance, to take on these difficult chal- 
lenges. Policy formulation, starting with Congress asking penetrating and thought- 
ful questions, is a critical starting point. From this framework, research and devel- 
opment strategies can be developed to address society’s challenges in effective ways. 

For the past century, the focus of technological innovation in water systems was 
on the extraction, storage, and conveyance of water. Huge dams, aqueduct systems, 
and “appurtenant” facilities were designed, financed, and built to accomplish the 
task. Major rivers have been entirely de-watered. The costs — economic, environ- 
mental, and social — are evident. 

Integrated water and energy management strategies, with a focus on vastly im- 
proved end-use and economic efficiency for both, and careful consideration of alter- 
native technology opportunities provided by advances in science and technology, can 
provide significant multiple benefits to society. Costeffective improvements in energy 
and water productivity, with associated economic and environmental quality bene- 
fits, increased reliability and resilience of supply systems (all elements of the “mul- 
tiple benefits”), are attainable. 

It may be worth quoting the California Energy Commission from its Integrated 
Energy Policy Report: “Reducing the demand for energy is the most effective way 
to reduce energy costs and bolster California’s economy.” 54 Consistent with this ap- 
proach, improvements in efficiency are identified by the California Department of 
Water Resources as the largest (and in fact the most certain) new water supply for 
the next quarter century, followed by groundwater recharge and water reuse. The 
state’s Energy Commission noted: “The 2005 'Water Plan Update mirrors the state’s 
adopted loading order for electricity resources.” 55 

Methodologies and metrics exist to tap the multiple benefits of integrated water/ 
energy strategies, though they can and need to be improved. The policies required 
to incentivize, enable, and mandate integrated water and energy policy exist and are 
being refined to tap ample opportunities to improve both the economic and environ- 
mental performance of water and energy systems. 

With better information regarding energy implications of water use, and water 
implications of energy use, public policy combined with investment and manage- 
ment strategies can dramatically improve productivity and efficiency. Potential ben- 
efits include improved allocation of capital, avoided capital and operating costs, and 
reduced burdens on rate-payers and tax-payers. Other benefits, including restora- 


53 Sustainable Water Resources Roundtable, http:l / acwi.gov / swrr / 

54 California Energy Commission (2005). integrated Energy Policy Report , November 2005, 
CEC— 100— 2005— 007— CMF. 

55 Klein, Gary (2005). California Energy Commission, California’s Water — Energy Relation- 
ship. Final Staff Report, Prepared in Support of the 2005 Integrated Energy Policy Report Pro- 
ceeding, (04-IEPR-01E) November 2005, CEC-700-2005-011-SF. 
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tion and maintenance of environmental quality, can also be realized more cost-effec- 
tively through policy coordination. Full benefits derived through water/energy strat- 
egies have not been adequately quantified or factored into policy. 

Public concern regarding environmental costs of diverting and extracting water is 
another reason for the shift in technology focus from extraction to efficiency. Precipi- 
tous declines in populations of fish, and damage to ecosystems around the world, 
have driven this growing call for more sustainable water systems. 

Current technology can provide water supplies through efficiency improvements 
at substantially less cost than the development of new supplies in most areas. As 
water prices increase to reflect full capital, operating, and environmental costs, it 
is likely that technology will play an even greater role in providing water efficiency 
improvements. 
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Biography for Robert C. Wilkinson 

Dr. Robert C. Wilkinson is Director of the Water Policy Program at the Bren 
School of Environmental Science and Management at the University of California, 
Santa Barbara, and he is a Lecturer in the Environmental Studies Program at 
UCSB. Dr. Wilkinson’s teaching, research, and consulting focus on water policy, en- 
ergy, climate change, and environmental policy issues. Dr. Wilkinson is also a Sen- 
ior Fellow with the Rocky Mountain Institute. 

Dr. Wilkinson advises businesses, government agencies, and non-governmental or- 
ganizations on water policy, climate research, and environmental policy issues. He 
serves on the Task Force on Water and Energy Technology for the California Cli- 
mate Action Team and as an advisor to State agencies including the California En- 
ergy Commission, the California State Water Resources Control Board, the Depart- 
ment of Water Resources, and others on water, energy, and climate issues. He 
served on the advisory committee for California’s 2005 State Water Plan, and he 
represented the University of California on the Governor’s Task Force on Desalina- 
tion. Dr. Wilkinson advises various federal agencies including the, U.S. DOE Na- 
tional Renewable Energy Laboratory and the U.S. EPA on water and climate re- 
search, and he served as coordinator for the climate impacts assessment of the Cali- 
fornia Region for the US Global Change Research Program and the White House 
Office of Science and Technology Policy. 

In 1990, Dr. Wilkinson established and directed the Graduate Program in Envi- 
ronmental Science and Policy at the Central European University based in Buda- 
pest, Hungary. He has worked extensively in Western Europe, every country of Cen- 
tral Europe from Albania through the Baltic States, and throughout the former So- 
viet Union including Siberia and Central Asia. He has also worked in Australia, 
New Zealand, Canada, Japan, South Africa, and China. 

Chairman Gordon. Thank you, Dr. Wilkinson. 

And Mr. Levinson, you are recognized. 

STATEMENT OF MR. MARC LEVINSON, ECONOMIST, U.S. 

CORPORATE RESEARCH, J.P. MORGAN CHASE 

Mr. Levinson. Thank you, Mr. Chairman. It is quite an honor 
for me to be with such a distinguished panel today. I am going to 
speak about water supply risks and their impact on investors. 

First, it might help if I explain exactly where I fit in the Wall 
Street ecosystem. I specialize in economic issues, including environ- 
mental regulation, and my clients are institutional investors who 
buy publicly-traded stock and bonds. I say that to make clear that 
I have no connection whatsoever to our mergers and acquisitions 
business or to the lending business or to the many other things 
that an investment bank does. 

In my opinion, investors are much less concerned about water 
supply risks than they should be. We recently published a report, 
to which the Chairman alluded, contending that water-supply risks 
are far more important to many companies than investors believe. 
We also found that very few companies are fully aware of these 
risks. 

A lot of companies now produce PR brochures that talk about 
how they are reducing water use per unit of output, but almost 
none of these companies thoroughly assesses what we call its water 
footprint, which is the total usage of water in its supply chain, 
clear through to the consumption of its products. Investors really 
have no way of evaluating the risk of business disruption due to 
water scarcity or of comparing risks among companies. 

We think these risks take three forms. One is physical risk. That 
is the most obvious. This is the risk to which the Chairman alluded 
earlier that occurred with the Brown’s Ferry Reactor last year. It 
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simply had to be shut down because there was not enough water 
in the Tennessee River to cool it adequately. 

The second is a different situation. It is regulatory risk. Regu- 
latory risks involve government decisions to allocate and price 
water in response to scarcity. Perhaps the best U.S. example oc- 
curred in 2001, when lack of water in the Columbia and Snake Riv- 
ers caused the Bonneville Power Administration to curtail elec- 
tricity sales to aluminum smelters in Montana, Oregon, and Wash- 
ington. In the short run, aluminum production plummeted in the 
U.S. In the long run, the aluminum industry is leaving the region 
because regulators responded to water scarcity by raising the price 
of a key input, electricity. In 2001, there were ten aluminum smelt- 
ers in the Northwest. Today there are three still operating. 

The third set of corporate risks is reputational. In a number of 
places around the world consumers are taking environmental con- 
siderations into account in deciding which goods and services to 
buy, and we think companies that are perceived as bad actors face 
a serious risk of consumer backlash. 

The risks of water scarcity, of course, are not evenly spread 
through the economy. In addition to semiconductors and power 
generation, water sensitivity is particularly acute in the food proc- 
essing and in oil and gas production. 

I think food processing risks are well known to people, perhaps 
less so in oil and gas where there is now a lot of interest in shale 
formations. Shale rock contains very small pores. Basically the oil 
or gas cannot migrate to the well readily. The way this oil is recov- 
ered is by injecting large amounts of water under high pressure, 
a technology called fracture stimulation. This runs afoul of a lack 
of water in many places, and so the lack of water is actually inhib- 
iting the recovery of oil that would otherwise be available. 

The Committee asked me what the Federal Government might 
do to facilitate the equitable and efficient allocation of water sup- 
plies, and I wanted to give you three thoughts here. 

First, if you look at overall U.S. water consumption, it has actu- 
ally been fairly flat, but there are some disturbing trends. An in- 
creasing share of this consumption comes from groundwater, which 
suggests that surface water resources have been tapped out. 

Irrigation accounts for about two-thirds of U.S. groundwater 
withdrawals, and this share is probably growing. I would point out 
that the effort to increase production of ethanol actually increases 
the draw on groundwater by encouraging the planting of corn and 
other crops in fairly arid regions where it has to be irrigated. 

There are more than 100,000 irrigation wells in the United 
States, and only one-seventh of them, according to the Agriculture 
Department, only one in seven irrigation wells has a meter on it. 
If something is not metered, it is not being paid for. And there is 
very little incentive to conserve something that you are getting for 
free. 

So I would suggest that here is an area for the Committee to look 
at. I understand that State law rather than federal law governs 
groundwater, but excessive use of groundwater clearly affects inter- 
state commerce, and so there is a federal interest here. And in my 
view it would be useful for Congress to encourage the states to 
apply methods of pricing groundwater withdrawals to stimulate 
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conservation. This should apply not just to agriculture but to all 
groundwater withdrawals. 

A second subject in which Congressional involvement might be 
useful is localized water treatment. Almost all of our public sup- 
plies are now treated centrally. As a result, we are using drinking 
water to water roses and wash down parking lots. This represents 
a huge waste of resources. There is now a lot of work going on in 
developing decentralized water treatments. This is in the R&D 
stage by many private companies. It might be an area in which fed- 
eral research funds or changes in federal water treatment regula- 
tions would be helpful. 

There is one other subject I want to touch on, and this is power 
generation. I know there is a lot of talk on Capitol Hill now about 
federal loans or guarantee programs for new-generation nuclear 
plans and for coal plants with carbon capture and sequestration. 
Both of these technologies require large amounts of water. I think 
it important that the social costs of these large water withdrawals 
be reflected in the prices users pay for the electricity from these 
plants. It is just bad policy for the government to be subsidizing 
water usage, and this applies to power plants as much as to agri- 
culture and other industries. 

Thank you very much. 

[The prepared statement of Mr. Levinson follows:] 

Prepared Statement of Marc Levinson 

Thank you, Mr. Chairman. My name is Marc Levinson, and I’m an economist at 
JPMorgan Chase in New York. I appreciate the opportunity to speak with you today 
about water-supply risks and their impact on investors. 

First, let me explain just where I fit in the Wall Street ecosystem. I specialize 
in economic issues, including environmental regulation, and my clients are institu- 
tional investors who buy publicly traded stocks and bonds. I have no connection 
whatsoever to our loan officers or to our investment bankers. My perspective is 
strictly that of investors in public companies. 

In my opinion, investors are much less concerned about water supply risks than 
they should be. We recently published a report contending that water-supply risks 
are far more important to many companies than investors believe. We also found 
that very few companies seem fully aware of these risks. While many companies 
now produce public relations brochures that tell how they are reducing water use 
per unit of production, almost none of these companies thoroughly assesses what we 
call its water “footprint,” the total usage of water in the production and consumption 
of its product. Investors have no way of evaluating the risk of business disruption 
due to water scarcity, or of comparing risks among companies. 

We think these risks take three forms. The most obvious is physical risk, which 
means an actual lack of water. This could have heavy costs for an industry such 
as semiconductor manufacturing, which needs massive quantities of clean water. 
Intel Corporation alone uses as much water each year as a city the size of Roch- 
ester, New York. We estimate that a single production interruption at a semicon- 
ductor plant could cost $200 million in lost revenue and badly hurt the company’s 
share price. The customers waiting for those semiconductors would suffer financial 
losses as well. 

Physical risk is more common than generally realized. In 2007, for example, the 
Tennessee Valley Authority was forced to shut a nuclear plant because there simply 
wasn’t enough acceptable cooling water in the Tennessee River. We don’t think the 
TVA is the only utility that will experience this problem. 

The second set of risks that companies face is regulatory. Regulatory risks involve 
government decisions to allocate and price water in response to scarcity. Perhaps 
the best US example occurred in 2001, when lack of water in the Columbia and 
Snake Rivers caused the Bonneville Power Administration to curtail electricity sales 
to aluminum smelters in Montana, Oregon, and Washington. In the short run, US 
aluminum production plummeted. In the long run, the aluminum industry is leaving 
the region, because regulators responded to water scarcity by raising price of a key 
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input, electricity. In 2001, there were 10 aluminum smelters in the Northwest. 
Today, there are only three. 

The third set of corporate risks arising from water shortage is reputational. In 
a number of places around the world, consumers are taking environmental consider- 
ations into account in deciding which goods and services to buy. We think companies 
that are perceived as “bad actors” by wasting water face a serious risk of consumer 
backlash. 

The risks of water scarcity are not evenly spread through the economy. In addi- 
tion to semiconductors and power generation, water sensitivity is particularly acute 
in food processing and in oil and gas production. 

The food processing sector requires large amounts of water in its supply chain, 
principally for crop production. Getting one pound of beef to the consumer’s table 
in the United States requires, on average, about 2,200 gallons of water. Higher 
input costs, due in part to increased competition for and uncertainty about water 
supply, already are hurting food manufacturers. 

In tbe oil-and-gas sector, there is a lot of excitement now about shale formations. 
Shales contain rock with very small pores, such that the oil and gas within the rock 
cannot readily migrate to wells. A technology called fracture stimulation can help 
recover these resources — but it does so by injecting large amounts of water under 
high pressure. Water scarcity is already limiting the development of energy shales 
in several parts of the country. 

The Committee has asked me what the Federal Government might do to facilitate 
the equitable and efficient allocation of water supplies. Here are a few thoughts. 

If you look at the aggregate numbers, U.S. water use has been fairly flat since 
the 1980s, at about 400 billion gallons per year. But there are disturbing trends. 
An increasing share of those 400 billion gallons per year is groundwater rather than 
surface water. Annual groundwater withdrawals rose 14 percent between 1985 and 
2000, while surface water withdrawals were flat. This suggests that many rivers 
and reservoirs are being fully utilized, so water users are increasingly relying on 
groundwater, which is subject to less regulation. This shift will probably continue, 
because climate change is expected to reduce the flow of surface water, especially 
in the Southwest. 

Irrigation accounts for about two thirds of U.S. groundwater withdrawals. Govern- 
ment promotion of biofuels has led to large increases in corn plantings in some fair- 
ly arid states, especially on the Great Plains, and it’s likely that a lot of this in- 
creased acreage is irrigated. This means even more demands on groundwater. 

There more than 100,000 irrigation wells in the U.S., and only one-seventh of 
them have meters. An unmetered well is likely to be a well that a farmer can use 
without paying for the water. Of course, there is little incentive to conserve some- 
thing that is free. When the Department of Agriculture asked farmers about bar- 
riers to reducing energy use or conserving water, the most common response was 
that conservation would not save enough money to cover its own costs. The second 
most common response was that conservation measures are not affordable. Both of 
these responses are ways of saying that water is so cheap that it’s not worth con- 
serving. 

I recognize that State law, rather than federal law, usually governs groundwater. 
But excessive use of groundwater clearly affects interstate commerce, so there is a 
federal interest here. In my view, it would be useful for Congress to encourage the 
states to adopt methods of pricing groundwater withdrawals to stimulate conserva- 
tion. Pricing should apply not just to agriculture, but to all users withdrawing 
groundwater. 

A second subject in which Congressional involvement might be useful is localized 
water treatment. Almost all of our public water supplies are treated in centralized 
treatment plants. As a result, drinking water is being used to water rose bushes 
and wash down parking lots. This represents a large waste of resources. It might 
be more cost effective to treat water at individual buildings rather than centrally, 
so that only water needed for human consumption is treated. Several companies are 
looking into technologies for decentralized water treatment, and this may be an area 
in which federal research funds or changes in federal water-treatment regulations 
would be helpful. 

There is one other subject I want to touch on, and that is power generation. I 
know there is a great deal of talk on Capitol Hill about federal loans or loan guaran- 
tees for new-generation nuclear plants and for coal plants with carbon capture and 
sequestration. Both of these technologies require very large amounts of water. I 
think it is important that the social cost of those large water withdrawals be re- 
flected in the prices users pay for electricity from those plants. It’s simply bad policy 
for the government to be subsidizing water usage, and that applies just as much 
to power plants as to agriculture and other industries. 
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Thank you for the opportunity to testify this morning. 

Biography for Marc Levinson 

Marc Levinson is an economist at JPMorgan Chase in New York. He specializes 
in microeconomic issues, including industry structure and regulation, and works 
closely with JPMorgan’s equity and credit analysts and their clients in under- 
standing the impact of economic developments on publicly traded securities. He is 
accredited both as a supervisory credit analyst and as an equity analyst, although 
he does not make investment recommendations with respect to individual compa- 
nies. 

Mr. Levinson frequently publishes investment research on energy, climate change, 
and environmental regulation. In 2007, he participated in drafting the National Pe- 
troleum Council’s report to the U.S. Secretary of Energy, entitled “Facing the Hard 
Truths About Energy. ” He also contributed to the London Accord, a collaborative ef- 
fort among several major investment banks to examine the investment implications 
of climate change. 

Prior to joining one of JPMorgan’s predecessor companies in 1999, Marc Levinson 
was finance and economics editor of The Economist in London. He was formerly a 
writer on business and economics for Newsweek. His articles have appeared in such 
publications as the Harvard Business Review, the Financial Times, and Foreign Af- 
fairs. He is the author of four books, most recently The Box: How the Shipping Con- 
tainer Made the World Smaller and the World Economy Bigger (Princeton Univer- 
sity Press, 2006), which has received numerous awards. 

Chairman Gordon. Thank you, Mr. Levinson, and Dr. Pulwarty, 
Dr. Pulwarty, you are recognized. 

STATEMENT OF DR. ROGER S. PULWARTY, PHYSICAL SCI- 
ENTIST, CLIMATE PROGRAM OFFICE; DIRECTOR, THE NA- 
TIONAL INTEGRATED DROUGHT INFORMATION SYSTEM 

(NIDIS), OFFICE OF OCEANIC AND ATMOSPHERIC RE- 
SEARCH, NATIONAL OCEANIC AND ATMOSPHERIC ADMINIS- 
TRATION, U.S. DEPARTMENT OF COMMERCE 

Dr. Pulwarty. Good morning, Chairman Gordon, Ranking Mem- 
ber Hall, and the Members of the Committee. Thank you for invit- 
ing me to speak with you today on the National Integrated Drought 
Information System and its role in addressing some of our water 
supply challenges in the 21st century. 

My name is Roger Pulwarty. I am a climate scientist in the Na- 
tional Oceanic and Atmospheric Administration and the Director of 
the National Integrated Drought Information System or NIDIS 
Program. I have also been fortunate to be a lead author on adapta- 
tion in the Intergovernmental Panel on Climate Change Fourth As- 
sessment report and on the recently released IPCC technical report 
on climate and water resources, the results of which I was fortu- 
nate to have presented before this committee last year. 

As is widely acknowledged, drought is not a purely physical phe- 
nomenon, but is an interplay between water availability and the 
needs of humans and the environment. Drought is slow in onset 
and its effects, such as impacts on energy including hydropower, 
tourism, and commodity markets, can continue to be felt long after 
an event is over. 

As outlined in Public Law 109-430, NIDIS is envisioned to serve 
as an early warning information system for managing drought-re- 
lated risks in the 21st century. Impetus for information services to 
support federal, State, and local responses has risen from ongoing 
concerns over water security and scarcity as mentioned before in 
the Southwest since 1999, and the Southeast since early 2007, 



95 


along with declining water levels in the three largest Great Lakes 
since the late 1980s. 

A great deal of progress has been made since the NIDIS Program 
was established in December 2006. A national interagency and 
interstate program implementation team has been developed, the 
web-based drought portal was launched in November 2007. It now 
provides comprehensive national-level information on ongoing 
drought conditions and emerging conditions. NOAA and NIDIS are 
accelerating their improvements of operational climate forecasts 
and information on past droughts tailored to watersheds and local 
scales such as the upper basin of the Colorado and the Southeast, 
including Tennessee, Georgia, Florida, Alabama, and the Carolinas. 

NIDIS works through numerous federal agencies, tribes, states, 
and local governments. As such, there is significant leveraging of 
existing observing system infrastructure and products such as the 
drought monitor to provide improved data streams at the level of 
detail needed for decision-making at watersheds, Colorado basin, 
and at regional scales such as the Southeast. 

Data and predictions are by themselves insufficient to ensure ad- 
aptation and flexibility in the water resources sector. A hallmark, 
no pun intended, of NIDIS is the provision of decision support tools 
and training, coupled with the ability of users to report local condi- 
tions back to the portal. Near-term activities include tailoring of 
the drought portal to add locally-specific data and information at 
the watershed and county levels. Water managers are already ex- 
plicitly considering how to incorporate the potential effects of a 
changing climate into specific designs. 

For example, in the California Southern Metropolitan Water Dis- 
trict and Seattle and Las Vegas, adaptive measures have been un- 
dertaken. But the barriers to implementing adaptive measures in- 
clude the inability of some natural systems to adapt at the rate of 
combined demographic pressures and climate, understanding and 
quantifying our water demands and impediments to the flow of 
timely and reliable information relevant for decision-making. 

Climate services designed to support adaptation, of which NIDIS 
is an example, will be important in coping with current and future 
extremes and their effects on water resources, regardless of how 
that change is derived. As part of their drought management, mu- 
nicipalities and State agencies will have improved climate informa- 
tion and forecasts at key entry points for allocating domestic and 
industrial water usage. 

Water resource managers will have access to more detailed infor- 
mation on low-flow conditions when balancing irrigation and hydro- 
power with the needs of wildlife and flows to support coastal econo- 
mies. Emergency declarations can now better reach out to those 
communities in need of assistance with improved information on 
the aerial extent and severity of developing droughts. 

So while per-capita water use is declining in some parts of the 
country, trends and demand, observational records, and climate 
projections provide abundant evidence that our fresh water re- 
sources are vulnerable. Priorities for drought early warning infor- 
mation and decision support tools to prepare our nation for these 
challenges requires a mixed portfolio of approaches, including: en- 
hancing the networks of systematic observations of key elements in 
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the human, ecological, and physical systems, including monitoring 
groundwater and vegetation stress; promoting drought plans that 
maintain State sovereignty but responds to the needs of shared wa- 
tersheds, including developing trans-boundary monitoring and 
early-warning information for our internationally-shared water- 
sheds with our neighbors to the north and the south; developing 
drought information impact assessment tools that include the costs 
and benefits of various adaptations and changing water demands; 
and finally, developing usable drought management triggers for 
specific planning thresholds and scenarios in agriculture, water, 
energy, and the coast. 

The challenges of managing water supplies to meet social, eco- 
nomic, and environmental needs requires matching what we do 
with what we actually know. NIDIS offers the Nation a mechanism 
to achieve this service requirement by providing a basis for inte- 
grating drought monitoring, research, and information for decision 
support. 

Thank you for inviting me to testify at this hearing today, and 
I am happy to answer any questions you might have. 

[The prepared statement of Dr. Pulwarty follows:] 

Prepared Statement of Roger S. Pulwarty 

Good morning, Mr. Chairman and Members of the Committee. Thank you for in- 
viting me to speak with you today about the National Integrated Drought Informa- 
tion System (NIDIS); the information/data currently available to local, State and re- 
gional water decision-makers; and how we can improve the information available to 
these decision-makers for adapting to current and future drought conditions. 

My name is Roger Pulwarty; I am a Physical Scientist in the National Oceanic 
and Atmospheric Administration’s (NOAA’s) Climate Program Office and the Direc- 
tor for the U.S. National Integrated Drought Information System (NIDIS). I had the 
honor of serving as a lead author on the Intergovernmental Panel on Climate 
Change (IPCC) Working Group II, in Chapter 17, Assessment of Adaptation Prac- 
tices, Options, Constraints and Capacity, and on the IPCC Special Report on Climate 
Change and Water Resources released this past April. I am also a lead author of 
the U.S. Climate Change Science Program (CCSP), Synthesis and Assessment Report 
on Weather and Climate Extremes in a Changing Climate and the Unified Synthesis 
Report. My role in these reports focuses on impact assessment and adaptation re- 
sponses. 

In general, NOAA’s climate programs provide the Nation with services and infor- 
mation to improve management of climate sensitive sectors, such as energy, agri- 
culture, water, and living marine resources, through observations, analyses and pre- 
dictions, decision support tools, and sustained user interaction. Our services include 
assessments and predictions of climate change and variability on time scales rang- 
ing from weeks to decades for a variety of phenomena, including drought. In this 
testimony I will highlight: (1) present drought-related adaptation measures being 
undertaken in the water sector across the U.S., and (2) the role of the NIDIS in 
improving our capacity for responding to drought. 

Drought is not a purely physical phenomenon, but is an interplay between water 
availability and the needs of humans and the environment. Drought is a normal, 
recurrent feature of climate and while its features vary from region to region, 
drought can occur almost anywhere. Because droughts can have profound societal 
and environmental impacts, there are several definitions of drought, each correct in 
its use. These definitions include meteorological drought, which is defined by the 
magnitude of precipitation departures below long-term average values for a season 
or longer; agricultural drought, which is defined as the soil moisture deficit that im- 
pacts crops, pastures, and range lands; and hydrological drought, which is defined 
by significant impacts on water supplies. NOAA provides information on all three 
types of droughts in its U.S. drought information products. 

Drought is a unique natural hazard. It is slow in onset, does not typically impact 
infrastructure directly, and its secondary effects, such as impacts on tourism, com- 
modity markets, transportation, wildfires, insect epidemics, soil erosion, and hydro- 
power, are frequently larger and longer lasting than the primary effects. Primary 
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effects include water shortages and crop, livestock, and wildlife losses. Drought is 
estimated to result in average annual losses to all sectors of the economy of between 
$6 to $8 billion (in 2002 dollars; Economic Statistics for NOAA, April 2006, 5th edi- 
tion). The costliest U.S. drought of the past forty years occurred in 1988 and caused 
more than $62 billion (in 2002 dollars) of economic losses ( Economic Statistics for 
NOAA, April 2006, 5th edition). Although drought has not threatened the overall 
viability of U.S. agriculture, it does impose costs on regional and local agricultural 
economies. Severe wild fires and prolonged fire seasons are brought on by drought 
and strong winds. These fires, similar to the ones in California this past year, can 
cause billions of dollars in additional damages and fire suppression costs. 

Recent IPCC reports, including the recent Technical Report on Climate Change 
and Water Resources, highlight emerging needs for the development and commu- 
nication of climate and climate impacts information to inform adaptation and miti- 
gation across sectors when changes are beyond average climate conditions and ex- 
tremes. Drought risk management provides an important prototype for testing adap- 
tation strategies across the full spectrum of climate time scales. Most communities 
(and countries) currently manage drought through reactive, crisis-driven ap- 
proaches. Experience shows that effecting change in managing climate-related risk 
is most readily accomplished when: (1) a focusing event (climatic, legal, or social) 
occurs and creates widespread public awareness; (2) leadership and the public are 
engaged; and (3) a basis for integrating monitoring, research, and management is 
established. The NIDIS offers the Nation a mechanism to achieve this latter service 
requirement. The IPCC Fourth Assessment (2007) and the CCSP reports offer impe- 
tus for integrating knowledge about the nature of societal and environmental vul- 
nerability, attribution of the relative influences of climate variability and change, 
and for services to support federal, State and local adaptive responses to the full 
spectrum of climate. This impetus is further strengthened by the ongoing debates 
as seen occurring in connection with water scarcity in the West since 1999 and in 
the Southeast since 2007, along with declining Great Lake water levels since 1986. 

Given that a drought occurs when water supply is insufficient to meet water de- 
mand, drought impacts are evaluated relative to the demand from environmental, 
economic, agricultural, and cultural uses. The impacts of past droughts have been 
difficult to estimate. This problem results from the nature of drought, which is a 
phenomenon with slow onset and demise that does not create readily-identified and 
discrete short-term structural impacts. Drought may be the only natural hazard in 
which the secondary impacts can be greater than the more identifiable primary im- 
pacts, such as crop damage. Impacts may continue to be felt long past the event 
itself as secondary effects cascade through economies, ecosystems, and livelihoods. 

The National Integrated Drought Information System Act of 2006 (NIDIS Act; 15 
U.S.C. § 313d and § 313d note) prescribes an approach for drought monitoring, fore- 
casting, and early warning at watershed, State and county levels across the United 
States. Led by NOAA, this approach is being developed through the consolidation 
of physical/hydrological and socioeconomic impacts data, engaging those affected by 
drought, integration of observing networks, development of a suite of drought deci- 
sion support and simulation tools, and the interactive delivery of standardized prod- 
ucts through an Internet portal (www.drought.gov). NIDIS is envisioned to be a dy- 
namic and accessible drought risk information system that provides users with the 
capacity to determine the potential impacts of drought, and the decision support 
tools needed to better prepare for and mitigate the effects of drought. 

As requested in the 2004 Western Governors’ Association Report, Creating a 
Drought Early Warning System for the 21st Century: The National Integrated 
Drought Information System, NIDIS is being designed to serve as an early warning 
system for drought and drought-related risks in the 21st century. With these guide- 
lines in mind, the explicit goal of NIDIS is to enable society to respond to periods 
of short-term and sustained drought through improved monitoring, prediction, risk 
assessment, and communication. 

Over the next five years, NIDIS will build on the successes of the U.S. Drought 
Monitor, Seasonal Outlooks, and other tools and products provided by NOAA and 
other agencies to effect fuller coordination of relevant monitoring, forecasting, and 
impact assessment efforts at national, watershed (e.g., the Colorado Basin), states 
(e.g., GA, AL, FL), and local levels. NIDIS is beginning to provide a better under- 
standing of how and why droughts affect society, the economy, and the environment, 
and is improving accessibility, dissemination, and use of early warning information 
for drought risk management. The goal is to close the gap between the information 
that is available and the information that is needed for proactive drought risk re- 
duction. Federal monitoring and prediction programs that feed into NIDIS are also 
working with universities, private institutions, and other non-federal entities to pro- 
vide information needed for effective drought preparedness and mitigation. 
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NIDIS will provide more comprehensive and timely drought information and fore- 
casts for many users to help mitigate drought-related impacts. For example, hydro- 
power authorities will benefit from enhanced water supply forecasts that aim to in- 
corporate improvements in monitoring soil moisture, precipitation, and temperature 
for snowpack conditions into forecasting efforts and drought information for water 
management decisions. Municipalities and State agencies will have improved 
drought information, based on present conditions and past events, and forecasts 
when allocating both domestic and industrial water usage. Water resource managers 
will have access to more information when balancing irrigation water rights with 
the needs of wildlife. Purchasing decisions by ranchers for hay and other feed sup- 
plies will be enhanced through the use of drought information to identify areas of 
greatest demand and the potential for shortages. Changes in water quantity and 
quality due to climate change and other factors are expected to affect food produc- 
tion and prices. Farmers will be better positioned to make decisions on which crops 
to plant and when to plant them. Since drought information is used in allocating 
federal emergency drought relief, improvements in monitoring networks will also 
lead to more accurate assessments of drought and, as a result, emergency declara- 
tion decisions that better reach out to those communities in need of assistance. An 
example of a specific improvement in monitoring networks is the addition of soil 
moisture sensors to the climate reference network by NOAA/NIDIS. The identifica- 
tion of gaps in monitoring needed for early warning system development, primarily 
within snow cover, soil moisture, stream gauge, and ground water networks (in 
partnership with the U.S. Geological Survey), will be identified in NIDIS early 
warning pilot programs in selected locations. Also, in partnership with Department 
of Agriculture (USDA), priorities for snow cover/snow telemetry sites will be up- 
dated as need arises. Cross-agency partnerships to fill monitoring gaps will be de- 
veloped with the interagency NIDIS Executive Council. 

Data alone is not sufficient to ensure effective adaptation. A hallmark of NIDIS 
is the provision of decision support tools coupled with the ability for users to report 
localized conditions. To this end, NIDIS will link multi-disciplinary observations 
from a number of sources to ‘on-the-ground’ conditions that will yield value-added 
information for agricultural, recreational, water management, commercial, and 
other sectors. Multi-disciplinary observations include land surface conditions (e.g., 
for fire/fuel risk and soil moisture), streamflow and precipitation observations, cli- 
mate models, and sectoral and environmental impacts information (to identify po- 
tential high impact areas or sectors for different types of drought events). Also, im- 
pacts information (i.e., how drought is affecting a location, how similar/past 
droughts have affected the location) will be provided by NIDIS, as required in the 
NIDIS Act, and as recommended by the Western Governors Report, and decades of 
study on the types of information leads to effective early warning triggers for re- 
sponse. 

The first step towards accomplishing these goals was to produce an implementa- 
tion plan. With the results of deliberate and broad-based input from workshops held 
with federal, State, and local agencies, academic researchers, and other stake- 
holders, the NIDIS implementation plan was produced and published in June 2007. 
To provide guidance on system implementation, technical working groups were 
formed to focus on five key components of NIDIS. These components are public 
awareness and education, engaging preparedness communities, integrated moni- 
toring and forecasting, interdisciplinary research and applications, and the develop- 
ment of a national drought information portal. 

A great deal of progress has been made since the NIDIS program was established 
in December 2006. The U.S. Drought Portal, launched in November 2007 and hosted 
on the NIDIS website ( www.drought.gov ), is operational and providing comprehen- 
sive information on emerging and ongoing droughts, and enhancing the Nation’s 
drought preparedness. Other Current NIDIS activities include conducting the first 
national workshop to assess the status of drought early warning systems across the 
United States, 17-19 June, Kansas City, MO. A NIDIS Southeast drought workshop 
was recently held in Peachtree City, Georgia, 29-30 April 2008 to begin coordinating 
drought early warning information systems for the Southeast region especially for 
the Appalacbicola-Chattahoochee-Flint and the Alabama-Coosa-Tallapoosa basins 
encompassing the upper watersheds of Georgia to the coastal resources of Alabama 
and Florida. 

While NOAA is the lead agency for NIDIS, NOAA works with numerous federal 
agencies, emergency managers and planners, State climatologists, and State and 
local governments, to obtain and use drought information. NOAA routinely dissemi- 
nates drought forecast information via its National Weather Service (NWS) drought 
statements, and collaborates with State drought committees and the media to as- 
sure NOAA information is correctly understood and used. NOAA strives to provide 
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an end-to-end seamless suite of drought forecasts, regional and local information, 
and interpretation via its Climate Prediction Center, six Regional Climate Centers, 
Regional Integrated Sciences and Assessments (RISA) including the Southeastern 
Climate Consortium, local NWS field offices and State climatologists. Efforts are un- 
derway to improve drought early warning systems including coordinating inter- 
agency drought monitoring, forecasting, and developing indicators and management 
triggers for societal benefit. The other major federal agencies involved in NIDIS are 
the Department of the Interior, USDA, the National Aeronautic and Space Adminis- 
tration, the Department of Energy, the Department of Homeland Security, the De- 
partment of Transportation, the Army Corps of Engineers, the Environmental Pro- 
tection Agency, and the National Science Foundation. There is significant leveraging 
of existing observing system infrastructure, data, and products produced by oper- 
ating agencies, for example, stations of the NOAA National Weather Service Cooper- 
ative Observer Program, USDA Natural Resources Conservation Service SNOTEL 
(SNOpack TELemetry) network, Soil Climate Analysis Network, National Climate 
Data Center Climate Reference Network, and the United States Geological Survey 
streamflow and ground-water networks, as well as the USDA-Joint Agricultural 
Weather Facility and the USDA-Natural Resources Conservation Service/Water and 
Climate Center Weekly Report — Snowpack/Drought Monitor Update. NIDIS also 
provides a framework for coordinating the research agenda among these agencies. 

At present NOAA/NIDIS is supporting the development of new drought moni- 
toring and prediction products and accelerating future improvements of NOAA’s 
operational climate forecast and application products through the use of competitive 
grants, and through the tailoring of the U.S. Drought Portal to add locally specific 
data and information at the level of watersheds and counties. Questions being ad- 
dressed include early warnings of low flow conditions on the Colorado, on drought 
and fire risk, agriculture on the Southern Great Plains and the reliability of water 
supplies in the Southeast U.S. 

Information services for adaptation on short-term (seasonal) or longer-term 
(multi-year) drought, will be important in coping with current climate 
vulnerabilities and early impacts in the near-term, and will help build resilient 
economies as our climate changes, regardless of how that change is derived. It is 
important to note that unmitigated climate change could, in the long-term, exceed 
the capacity of some natural, managed and human systems to adapt especially in 
drought prone — heavily developing regions such as the Southwest. If climate change 
results in increasing water scarcity relative to demands, future adaptations may in- 
clude technical changes that improve water use efficiency, demand management 
(e.g., through metering and pricing), and institutional changes that improve the 
tradability of water rights. If climate change affects water quality, adaptive strate- 
gies will have to be developed to protect the ensuing human uses, ecosystems and 
aquatic life uses. It takes time to fully implement such changes, so they are likely 
to become more effective as time passes. The availability of water for each type of 
use may be affected or even limited by other competing uses of the resource. 

Climate is one factor among many that produce changes in our environment. De- 
mographic, socioeconomic and technological changes may play a more important role 
in most time horizons and regions. As the number of people and attendant demands 
upon already stressed river basins and groundwater sources increase, even small 
changes in our climate, induced naturally or anthropogenically, can trigger large im- 
pacts on water resources. Present hydrological conditions are not anticipated to con- 
tinue into the future (the traditional assumption). It will be difficult to detect a clear 
climate change effect within the next couple of decades, even if there is an under- 
lying trend. Consequently, methods for adaptation in the face of these uncertainties 
are needed. Early warnings of changes in the physical system and of thresholds or 
critical points that affect management priorities become important. Water managers 
in some states are already considering explicitly how to incorporate the potential ef- 
fects of climate change into specific designs and multi-stakeholder settings. Inte- 
grated water resources and coastal zone management are based around the concepts 
of flexibility and adaptability, using measures which can be easily altered or are ro- 
bust to changing conditions. For example, in California and Nevada adaptive man- 
agement measures (including water conservation, reclamation, conjunctive use of 
surface and groundwater, and desalination of brackish water) have been advocated 
as means of pro-actively responding to climate change threats on water supply. Con- 
sequently a complete analysis of the effects of climate change on human water uses 
should consider cross-sector interactions, including the impacts of and opportunities 
for changes in water use efficiency and intentional transfers of the use of water from 
one sector to another. For example, voluntary water transfers (including short-term 
water leasing and permanent sales of water rights) from agricultural to urban or 
environmental uses are becoming increasingly common in the Western United 
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States. An additional major challenge in the coming decades will be maintaining 
water supplies for environmental services, which support tourism, hunting, fishing 
and other recreational economies throughout the United States. 

Adaptation is unavoidable because climate is always varying even if changes in 
variability are amplified or dampened by anthropogenic warming. Moreover, adapta- 
tion will be necessary to meet the challenge of demographic pressures and climate 
trends which we are already experiencing. There are significant barriers to imple- 
menting adaptation in complex settings. These barriers include both the inability of 
natural systems to adapt at the rate and magnitude of demographic, economic, cli- 
matic and other changes, as well as technological, financial, cognitive, behavioral, 
social and cultural constraints. There are also significant knowledge gaps for adap- 
tation, as well as impediments to flows of knowledge and information relevant for 
decision-makers. In addition, the scale at which reliable information is produced 
(i.e., global) does not always match with what is needed for adaptation decisions 
(i.e., watershed and local). New planning processes are attempting to overcome 
these barriers at local, regional and national levels in both developing and developed 
countries. 

Adaptive capacity to manage climate changes can be increased by introducing ad- 
aptation measures into development planning and operations (sometimes termed 
‘mainstreaming’). This can be achieved by including adaptation measures in land- 
use planning and infrastructure design, or by including measures to reduce vulner- 
ability in existing disaster preparedness programs (such as introducing drought 
warning systems based on actual management needs). 

Major barriers to implementing adaptive management measures are adaptation 
itself is not yet a high priority, and that the validity of local manifestations of global 
climate change remains in question. Coping with the uncertainties associated with 
estimates of future climate change and the impacts on economic and environmental 
resources means we will have to adopt management measures that are robust 
enough to apply to a range of potential scenarios, some as yet undefined. Green- 
house gas mitigation is not enough to reduce climatic risks, nor does identifying the 
need for adaptations translate into actions that reduce vulnerability. By imple- 
menting mainstreaming initiatives, adaptation to demographic and climate change 
will become part of, or will be consistent with, other well-established programs to 
increase societal resilience, particularly environmental impacts assessments, adapt- 
ive management and sustainable development. 

Climate variability and change affect the function and operation of existing water 
infrastructure — including hydropower, structural flood defenses, drainage, and irri- 
gation systems — as well as water management practices. Observational records and 
climate projections provide abundant evidence that freshwater resources are vulner- 
able and have the potential to be strongly impacted by climate variability and 
change, with wide-ranging consequences on human societies and ecosystems. Ob- 
served warming over several decades has been linked to changes in the large-scale 
hydrological cycle. Several gaps in knowledge exist in terms of observations and re- 
search required to better understand the relationship between climate change and 
water issues. Observational data and data access are prerequisites for adaptive 
management, yet many gaps exist in observational networks. It is important to im- 
prove understanding and modeling of changes in climate related to the hydrological 
cycle at scales relevant to decision-making. Information about the water-related im- 
pacts of climate change, including their socioeconomic dimensions, is incomplete, es- 
pecially with respect to water quality, aquatic ecosystems, and groundwater. 

Early warning information and decision support tools that are currently being de- 
veloped to better prepare our nation, locally and regionally, for drought include: 

• Enhancing networks of systematic observations of key elements of physical, 
biological, managed and human systems affected by climate variability and 
change particularly in regions where such networks have been identified as 
insufficient; 

• Strengthening and expanding water conservation and efficiency programs; 

• Adopting integrated strategies at the federal level (including high level advi- 
sory councils) and support a framework for collaboration between research 
and management; 

• Promoting local watershed efforts; 

• Improving groundwater monitoring and management strategies; 

• Developing usable drought management triggers for planning in agriculture, 
water, energy, health, environment, and coastal zones; 

• Developing economic impacts assessment tools including the costs and bene- 
fits of various adaptations; 
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• Coordinating among drought monitoring and forecasting efforts at federal re- 
gional, State, and local levels; and 

• Actively engaging communities and states in monitoring, preparedness, and 
planning. 

The challenges of managing water supplies to meet social, economic, and environ- 
mental needs requires matching what we know with what we do. NOAA and NIDIS 
provide mechanisms for the Federal Government to help agencies, states and local 
communities meet their economic, cultural, and environmental water management 
challenges in a timely and efficient manner. 

Thank you for inviting me to testify at this hearing today and I will be happy 
to answer any questions the Members of the Committee may have. 

Biography for Roger S. Pulwarty 

Roger S. Pulwarty is a climate scientist and the Director of the National Inte- 
grated Drought Information System (NIDIS) at the Department of Commerce/Na- 
tional Oceanic and Atmospheric Administration in Boulder, Colorado. He also leads 
the risk management component of the World Bank/NOAA project on 
“Mainstreaming Adaptation to Climate in the Caribbean.” From 1998-2002 Roger 
directed the NOAA/Regional Integrated Sciences and Assessments (RISA) Program. 
Roger’s research interests are on climate in the Americas, assessing social and envi- 
ronmental vulnerability, and designing climate services to meet information needs 
in water resources, ecosystem and agricultural management in the United States. 

Dr. Pulwarty has served in advisory capacities to various Federal and State agen- 
cies, the National Research Council, the Glen/Grand Canyon Adaptive Management 
Program, and to the UNDP, UNEP, World Bank and the Organization of American 
States. He is a lead author on the 2007 IPCC Fourth Assessment Report Working 
Group 2, the IPCC Special Report on Climate Change and Water Resources, and on 
the U.S. Climate Change Science Program Synthesis and Assessment reports. Roger 
is Professor Adjunct at the University of Colorado, Boulder and the University of 
the West Indies. He is the co-editor of Hurricanes: Climate and Societal Impacts 
(Springer, 1997). 


Discussion 

Expanding the Federal Government’s Role in Water 
Research and Development 

Chairman Gordon. Thank you, Dr. Pulwarty. At this point we 
will open our first round of questions. The Chair recognizes himself 
for five minutes. 

When I was growing up, my father used to tell me about how 
really his life and life on our farm changed when the rural elec- 
trification came out there. At that time we had a good well. That 
is how we got our water, and my other grandparents, we had a 
good spring, and everybody had their own little tin can down at 
the, or cup rather down at the spring. But those times have gone. 
Even if you have a spring or a well, they probably are going to be 
contaminated now. 

And so particularly in rural America, and when I saw rural 
America, I am not talking about way out farms like we were. I am 
talking about even small little subdivisions right outside of town, 
oftentimes they don’t have water. And as we call it toting water is 
something that many, many Americans are doing right now. 

And constantly folks are telling me, well, you know, the water- 
line is within a mile of our home, you know, but we can’t get it the 
rest of the way. So this is a real problem. It is a problem as you 
pointed out with the nexus of water and energy and manufac- 
turing. Wars have been fought and they will continue to be fought 
over water and probably more so in the future. 
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So what I would like to do is, using your cumulative wisdom, is 
to get some suggestions on a federal role. You have already, if any, 
and you have given us some of those ideas, but I want to be more 
narrow in the sense that this committee really only has jurisdiction 
over federal research and development, I think, in this area. 

And so I think we have been, done a pretty good job of trying 
to take good ideas and build a consensus and move them forward. 
So what I would like for you to do, what I might say in the longer- 
term, is to submit back to us any suggestions you might have that 
this committee can do. 

But right now I would like to hear you cumulatively talk about 
one, two, or three of the maybe most significant things that this 
committee could come forward with in terms of federal R&D. Mr. 
Matheson and Mr. Hall already have a bill on that, and we would 
like to see how that, you know, that role could be expanded. 

So I will open the floor to whoever wants to start off. Anyone 
want to start? 

Dr. Overpeck. Without any doubt research and development can 
play a huge role in how we manage our water. I think what is real- 
ly the biggest problem is what we don’t know. We don’t know what 
water lies underground. We don’t really know how to predict what 
kind of stream flows will occur in the future, or how groundwater 
infiltration will change in the future at the scales that are impor- 
tant for decision-makers, that is, at the scale of your farm or water- 
shed. 

We don’t know how climate is going to vary in the future with 
enough precision to be able to forecast it, and we don’t know how 
climate change is going to affect our water reserves. 

So all of these things require more research and development to 
get the clear answers so that we develop our country and move 
populations around and grow in a way that is sensible and makes 
sense with regards to our true future water supply. 

And I think my colleagues will talk about also as we start to de- 
velop new energy economy, that has to take into account water. 
Water is far more valuable, I think, than many of our citizens real- 
ize. We have to provide the underlying framework for making good 
decisions, and I think much of that stems from research and devel- 
opment. 

I applaud the bill that your colleagues have put together. I think 
it is very important to be looking at efficiency and conservation be- 
cause certainly we can save a lot of water that way. Thank you. 

Dr. Parker. I would like to compliment you on the creation of 
this H.R. 3957 bill that I was handed. I was just scanning it and 
realized that it covers everything from water pricing for conserva- 
tion and water reuse for efficiency of use of the resource. I think 
Dr. Wilkinson mentioned water reclamation in California and the 
use of perhaps dual systems and the use of water of various quali- 
ties for various purposes. 

Now, it is an infrastructure challenge, but I think we better be 
heading in that direction, particularly in the arid West where I 
think the availability of the resource probably may, is becoming a 
limiting factor. 

Chairman Gordon. Anyone else? 

Dr. Parker. I think it is a terrific bill. 
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Chairman Gordon. Well, Mr. Matheson, being from Utah, has a 
firsthand interest and knowledge of that. 

Dr. Wilkinson. Just quickly, I think there is some obvious op- 
portunities in technology development for efficiency. We have come 
a long way just in the last decade or two with the efficiency of a 
lot of plumbing fixtures and a lot of other opportunities for laser 
leveling of fields and irrigation technologies and the rest. So I 
think there is a long way to go, and there is a lot of opportunities 
there. 

The other is water efficiency of our energy systems. What can we 
do to develop energy systems that require less water or no water, 
and how can we develop portfolios of energy systems that take 
pressure off of our water systems. I think those two are important 
areas. 

Finally, filtering technology. A lot of our water now with con- 
cerns about pharmaceuticals and the rest is going to be treated to 
greater degrees, and looking for efficient ways to use water and to 
filter and treat it in ways that meet the health standards that we 
all want to see but do that efficiency I think is going to be very 
important. 

Chairman Gordon. I will try to abide by the rules here. Does 
anyone else have a real quick suggestion? 

Mr. Levinson. Yes, sir. I did want to touch on the point that 
water availability is not simply an engineering issue and an issue 
of R&D. I think that while the Committee clearly doesn’t have a 
tax jurisdiction, the Committee can do a great deal to bring into 
public discussion the point that water is, in fact, a scarce resource 
and needs to be priced. Because, frankly, without pricing the possi- 
bilities are quite limited. 

Chairman Gordon. But right now with our limited time, but I 
am trying to be more specific to what we can do from this com- 
mittee right now, getting suggestions. 

Mr. Levinson. Yes. I think that to, while certainly there is a 
need to promote conservation technology and that is all well and 
good, you really also have a bully pulpit here to use in order to 
make clear that this is a scarce resource. There does need to be ac- 
tion on the pricing front if we are actually going to have conserva- 
tion. 

Chairman Gordon. We are going to have a variety of hearings, 
and we hope to do that. 

Dr. Pulwarty, did you have anything you want to add? 

Dr. Pulwarty. One of the major issues is developing some of the 
new technologies, not only for efficiency but for the transfer of tech- 
nology into practice, and I think the bills make that case. 

Chairman Gordon. Thank you. There will be a point where we 
are going to have, as was pointed out, a megadrought or other 
problem that will bring the whole Congress, the Presidency all to- 
gether for a water program, and what happens oftentimes is that 
is, you know, the cow is out of the barn. 

So what I hope that we can do is lay a foundation with R&D so 
that at that time we can really start to implement it. What I would 
request that you do is get back to the Committee any suggestions 
in that area that you think, again, that there is either a legislative 
role or a role for us to request different agencies to be involved. We 
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will then try to take those ideas and build a consensus and do some 
good work here. 

Ms. Johnson is recognized for five minutes. Oh, excuse me. I am 
sorry. Mr. Hall is recognized for five minutes. 

Water Information and Technology Abroad 

Mr. Hall. I would always yield to Ms. Johnson if she wanted me 
to, but let me get mine behind us here, and thanks for that peek 
into your background, Mr. Chairman. I enjoyed that. No telling 
how good you could have done if you would have had more opportu- 
nities as a young man. 

One of the old references I have always heard and any time you 
get a speech as long as 15 or 20 minutes, someone always refers 
to water and fire as wonderful friends but fearful enemies. And we 
have sure experienced that on more than one time on the plains 
of Texas and in the drought that we had and then the over-avail- 
ability of water. So I guess, Dr. Parker, availability is important, 
and it is also important to manage it. 

So I would ask Dr. Parker, we have to operate on information 
and knowledge, and what, how would you compare the information 
and technology available to water managers in the United States 
to those in other nations that face similar problems to what we 
face? 

Dr. Parker. I would say the short answer is I think we have got 
better information. I think that there are nations such as Germany 
that we might be lagging behind in terms of pushing innovative al- 
ternative green technologies, that kind of thing, but in terms of hy- 
drologic information, et cetera, I think we are a little better off. 

Mr. Hall. Well, you very ably pointed out, I think, in your testi- 
mony that when you discussed water quality and how it has im- 
proved since the passage of several federal water laws or water 
acts. 

What else can we do to ensure the quality and security of our 
water supply? We have you here to testify, and the Chairman and 
others here will take your testimony, study it, and everything you 
say is available to every Member of Congress because of the court 
reporter that is taking it down somewhere here that will report it. 

What else can we do to ensure the quality and security of our 
water supply? We can pass laws. What is the next step? 

Dr. Parker. I actually edited it out of my spoken testimony some 
ideas about non-point source pollution, which is, it is not only a 
technical and a management issue, but it is also a legal issue in 
the sense that where I referred to some of our laws and practices 
as becoming obsolete. There is a prime example of an issue that 
isn’t dealt with very well within the legislation. 

We have done some work for EPA. Now, this isn’t the, probably 
the appropriate thing for me to say, advising them on urban water 
supply system security. They have a research program in Cin- 
cinnati. It is a very good one. It is under-funded. It ought to be well 
supported. It was driven by concerns about deliberate acts of harm 
to water supply systems. They are doing good work. It has brought 
application beyond the terrorism context, but I think it is kind of 
a hand-to-mouth operation that each year has to fight for the lim- 
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ited resources. It seems under-appreciated to me to the extent that 
you have any influence over that. 

Mr. Hall. I thank you. 


Biofuels 

Quickly, Dr. Pulwarty, one of the benefits of NIDIS that you de- 
scribed in your testimony is that farmers would be better posi- 
tioned to make decisions on which crops to plant and when to plant 
them. Now, given the overwhelming incentives we passed last year 
for biofuels and the reference to other crops that they ought to 
plant and those that planted other crops including corn followed 
the market and the increase in reception of the benefits of planting 
that. Have you seen caution or hesitation on the part of farmers 
to plant fuel crops after seeing the information that NIDIS has pro- 
vided? Or is the monetary incentive overwhelming the risk of the 
natural environment? 

Got an answer for that? 

Dr. Pulwarty. The latter. 

Mr. Hall. That is a good answer, and I think my time is up. 

Chairman Gordon. You are a very good witness. 

Now the gentlelady from Texas is recognized. 

Climate and Water Quality and Quantity 

Ms. JOHNSON. Thank you very much, Mr. Chairman. 

To the panel, I chair the Subcommittee of Water Resource and 
Development on transportation infrastructure, and we are dealing 
a great deal with supply. I am wondering what about the tempera- 
ture change affects water supply, quality or quantity? 

Dr. Overpeck. Well, temperature change certainly has a major 
effect on water supply. As temperature goes up, there is an in- 
crease, and it is not a linear increase, in the amount of moisture 
that the atmosphere can hold. So the atmosphere will demand 
more moisture, and where will it get that moisture? It will get it 
from soil, it will get it from forests, it will get it from agricultural 
plants. It will get them from reservoirs. It will get them from any 
open source of water, and it will draw that water out. 

So these temperature changes that are coming are huge, just gi- 
gantic, and they will demand a lot of water, and they will make 
the droughts of the past look pale, because it will be so much hot- 
ter. 

Ms. Johnson. Yes. 

Dr. Pulwarty. I wanted to complement Dr. Overpeck’s state- 
ment. One of the impacts on temperatures is on snowpack, and 
what we have seen not only in terms of early runoff, there has been 
an impact on the actual quality, the amount of water that is in the 
snow. In 2005, 2006, on the upper Colorado we received 105 per- 
cent of precipitation. Because of the dryness before that and be- 
cause of the warmth of that spring, 105 percent of precipitation 
was reduced to about 70 percent of the reliable stream flow. 

We have been seeing that in different years based on tempera- 
ture, evaporation, and sublimation, and vegetation stress. 
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Workforce and Education 

Ms. Johnson. I know that every major body of water in this 
country is contaminated, and I also know that we have a shortage 
of expertise in addressing this issue. And we have dealt with that 
somewhat in this committee, because we know there is such a 
shortage of science and math engineering students. 

I am wondering how would you determine that we would address 
many of the problems now as it relates to the research here with 
such a shortage of people? Of qualified people? 

Dr. Overpeck. I think this goes back to Congressman Hall’s 
question between the United States and other countries of the 
world, our advantage is that we are an advanced country. That 
means that we ought to be able to bring to bear much more knowl- 
edge. Knowledge is power. But it is not just knowledge, power for 
our country, it is power for every individual that has to make deci- 
sions in their day-to-day life about water. 

And so we really need programs that educate everybody, not just 
the water managers, but the people who use water, because so 
many of the solutions will require cooperation of the citizens of the 
United States and that we work together. There are huge discrep- 
ancies between the per-person water use in cities in the West that 
really are astounding, and we need to learn how to use our very 
valuable water treasure more carefully. 

Ms. Johnson. Thank you very much. I am doing a series of cable 
shows on subjects to try to begin to educate the public, and one of 
the major questions I still have is how do we pay for all of this? 
We are looking at creating a dedicated fund or maybe the 
economist 

Mr. Levinson. If I may, being the economist in the room, offer 
two thoughts on this. One is that this all doesn’t have to be in the 
public sector. There is in certain areas a lot of potential for private 
investment in water conservation, if it pays off. And I, you know, 
hate to sound like a broken record, but to a certain extent you get 
back into pricing here because that is what makes it interesting for 
people to buy conservation equipment. 

And to the extent that there is a demand for water conservation, 
there will be a lot of private initiative in developing ways to con- 
serve water and process technologies in particular industries, for 
example, or improving irrigation or that sort of thing. And there 
will be private people paying for this R&D. It doesn’t have to be 
done by the government. 

And second, to the extent that it is priced, part of the amount 
that people pay for water can, in fact, be used for public sector re- 
search and public sector infrastructure in this area. 

Chairman Gordon. Thank you, Mr. Levinson. 

Ms. JOHNSON. Thank you very much. 

Chairman Gordon. And Mr. Rohrabacher, you are recognized. 

More on Climate and Water Quality and Quantity 

Mr. Rohrabacher. Thank you very much, Mr. Chairman, and 
coming from California I certainly understand the significance of 
what has been presented to us today. We live on a desert that goes 
right up to the ocean, and a lot of times we forget about that and 
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Mulholland and other great champions of California, well known 
and appreciated, and I wonder if we are, our generation is going 
to have, create a better future as the Mulhollands did for us in the 
past. 

Dr. Wilkinson, let me just ask you, and I did really appreciate 
your detailed analysis of the California situation. What, this year 
and the last couple of years, have we had trouble with snowfall in 
California? 

Dr. Wilkinson. Yes, indeed. 

Mr. Rohrabacher. We did? We do? Okay. Tell me about it. Do 
we, is the snowpack, I understand the snowpack in the Sierra Ne- 
vada is actually higher this year than it was. 

Dr. Wilkinson. Well, we have considerable variability. We had 
good snowpack earlier in the year. For the last two months we 
have had very little, and actually it started quite late. I took my 
graduate students up to Yosemite in December, and we drove 
across the pass. Over the mountains there was virtually no snow 
at all in early December. Normally, of course 

Mr. Rohrabacher. In December? 

Dr. Wilkinson. In December. Normally we would have a lot of 
snow. 

Mr. Rohrabacher. Right. Okay. 

Dr. Wilkinson. But between early December then when it start- 
ed snowing and about two months ago we got a pretty good 
snowpack. 

Mr. Rohrabacher. And on the average is it higher this year 
than last year? 

Dr. Wilkinson. It is a little bit 

Mr. Rohrabacher. Than years in the past? 

Dr. Wilkinson. — below the average level but not a huge amount. 
The problem is that with very little for the last two months, we are 
now facing very serious water situation. Of course, you probably 
know last week they did the snow survey at the Summit by Echo 
Lake, and they were walking on soil. There was virtually no snow. 
So it is quite troubling. 

Now, in terms of a water supply situation this year, we certainly 
are seeing a very clear signal that we are getting a shift at mid- 
elevations from snow to rain because of warmer conditions. So that 
pattern is already evident. 

Mr. Rohrabacher. Okay. I just note, Dr. Overpeck, that you did 
mention that the droughts were so much worse in the past than 
we are experiencing today, and while I certainly, you know, I am 
clearly one who disagrees with the idea that we have man-made 
climate change going on, but why is it, why are you convinced that 
these droughts in the past have, which, of course, obviously had 
nothing to do with human activity, why are you so convinced that 
today it is all a result of human activity even though the droughts 
in the past were worse than they are today? 

Dr. Overpeck. Good question. In my testimony where I was able 
to expound a little bit longer, I tried to highlight that we don’t 
know the origin of the current droughts. We do know that they are 
being made worse by the higher temperatures. That is causing the 
rain on snow problem and the early melting of the snow that is giv- 
ing California a little fit this year. But we really don’t know the 
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origin of these droughts that are going on now, and that is why I 
tried to emphasize this idea of a no-regrets approach. 

Mr. Rohrabacher. Okay. I would suggest that we also don’t 
know the cause of the temperature rise. I have a lot of sympathy 
with people who say, “Look, this is what the climate is, and we got 
to prepare for it because there will be droughts, we need to do 
water, et cetera.” But when people have to lace their testimony 
with a reconfirmation of the man-made global warming theory, it 
doesn’t add to the validity here. It doesn’t. To me it seems, frankly, 
it takes away from the presentation. 

One last thing here, and I would like to note this, and Mr. 
Levinson mentioned that nuclear energy uses water. Have you 
looked at the high-temperature gas cool reactor as a new type of 
reactor, and does that use the same water? 

Mr. Levinson. I am probably not the best one here to talk about 
that. 

Mr. Rohrabacher. Let me note, Mr. Chairman 

Mr. Levinson. Others may be more familiar. 

Mr. Rohrabacher. — traditional nuclear power plants do use 
water, obviously, because they are based on steam. There is a, and 
I keep pushing this because I want people to take a look at this 
alternative, there is a high-temperature gas cool reactor. My 
friends who believe in global warming will love it as well, I might 
add, because it is, of course, clean and does not produce “green- 
house gases,” but it does not use the water that the traditional nu- 
clear power plants do. 

And I would suggest it is something we should look at, because 
I do understand there is a direct relationship between the amount 
of energy and water, and Dr. Wilkinson, your testimony was very 
insightful in that. In fact, the desalinization now actually uses less 
water than we use in pumping water throughout the State of Cali- 
fornia, and I think that is a significant fact that we need to take 
into consideration. 

Thank you very much to the whole panel. 

Population Growth and Water Supply Concerns 

Mr. Baird. [Presiding] I thank the gentleman. I will fill in for, 
as Chair until Mr. Gordon returns. 

I will recognize myself for five minutes. 

Do we have a sense of carrying capacity of our country in terms 
of how big our population can get? You know, population is growing 
rather rapidly right now, and we are talking about already seeing 
shortfalls of water. Any thoughts of that in terms of what the 
tradeoffs would be? Do we have some numbers that say if our pop- 
ulation grows by X, then we are going to have to reduce water con- 
sumption by Y? Any thoughts about that? 

Dr. Wilkinson. 

Dr. Wilkinson. I don’t know the specific answer in terms of 
what number we might accommodate. I can give you, though, some 
breakdown. In California we use about 80 percent of the water for 
agriculture and about 20 percent for the urban system for people 
directly. In much of the west it is even more for agriculture, on the 
order of 90 percent. This varies, of course, tremendously around the 
country and the type of agriculture and so forth. In California, a 
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lot of the discussion revolves around transfers of water from agri- 
culture to urban. 

So in theory, one could double the state’s population and only 
take 20 percent of the water currently going to agriculture. That 
would leave another 60 percent still. That is in theory. I am not 
sure anybody really wants twice as many people in California or 
anywhere else. We have a lot of crowding already. 

But the transfer of water back and forth becomes in terms of a 
limiting factor and carrying capacity an interesting question. I will 
say that Los Angeles has increased by one million people and held 
water use level. That means per capita use has gone down consid- 
erably, and that is mainly through these efficiency programs, more 
efficient plumbing fixtures and the rest. 

Mr. Baird. Mr. Levinson. 

Mr. Levinson. Yes, Mr. Chairman. I wanted to mention there is 
our recent report that was referred to earlier a very interesting pic- 
ture of population growth and water consumption in southern Ne- 
vada. The story there is that the local water authorities simply im- 
posed very draconian measures right at the start of this decade, ba- 
sically telling people, no, they couldn’t plant grass anymore, golf 
courses couldn’t draw public water supplies anymore, that sort of 
thing. They experienced quite rapid population growth during the 
past seven or eight years, and at the same time they experienced 
a fairly sharp decline in water consumption. 

So I think that the notion that there is a necessary correlation 
between population growth and the growth of water consumption 
isn’t right. 

Mr. Baird. Dr. Pulwarty. 

Dr. Pulwarty. To complement that, there has been changes in 
the efficiency of use. We know that it took 200 tons of water to cre- 
ate a ton of steel years ago. Now it takes three to four. We are see- 
ing lots of reductions in the per capita use of water. But that does 
not mean that demand is not increasing because population is in- 
creasing, even if we are leveling off in terms of per capita use. 

One of the things we do have to keep in mind when we talk 
about carrying capacity is also we are ingenious, you know. One 
hundred years ago we talked about some of these issues, and we 
did have a lot of adaptive strategies in place. Where we are seeing 
the most immediate threats are in the environmental services pro- 
vided by the natural environment in terms of recreation and tour- 
ism and the sources of our water supply. That I think is where we 
will bear the brunt of immediate pressure. 

Water Quality Concerns 

Mr. Baird. We had a rather disturbing report here in the D.C. 
Metro area about a month and a half or so ago about contamina- 
tion of the drinking water. Admittedly in parts of a trillion but re- 
ports of anti-seizure medications, a host of other medications, et 
cetera. 

Two questions. How common is this across the U.S. water sup- 
ply, and what technologies exist today to get us actually pure 
water? If somebody has twin boys at home and any parent here 
could get him water out of the drinking fountain, and you say to 
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yourself, so what meds am I giving my kids today with their glass 
of water in their sippy cup? You would feel a little bad about that. 

What can you tell us about what we can do to purify the water 
further and how common this problem is? 

Dr. Overpeck. Well, I don’t think we have any experts here on 
that side of water, but I certainly share your concern as a parent. 
And I know from my colleagues at the University of Arizona that 
there is lots we can do in terms of researching out what is in our 
water and how we then treat it to remove unwanted contaminants, 
because most of our water treatment doesn’t deal with that. And 
one of the solutions down the road, which my colleagues in Cali- 
fornia are already adopting is essentially toilet -to-tap. We are hav- 
ing to use this water that has been used before, and we will do that 
more and more into the future. 

So we better get some research going to figure this out. That is 
all I can say. 

Mr. Baird. A more appetizing terminology might help advance 
that effort. 

Ocean Desalinization’s Environmental Impacts 

One last question. We read in some of your testimony about de- 
salinization. What are the adverse, or are there adverse environ- 
mental impacts to desalinization if you have got a bunch of, you 
know, are we changing the mineral makeup of the near-shore envi- 
ronment? 

And any thoughts on that? I am particularly thinking about as 
we look at ocean acidification as a byproduct of climate change and 
the reduction of available carbonate. Does desalinization also take 
carbonate out of the, as a mineral, take it out of the system or 

Dr. Wilkinson. There are two primary concerns about environ- 
mental impacts from ocean desalinization. One is the entrapment 
and entrainment of marine organisms on the intake side of the 
equation, and there are ways to remedy that by drawing in the 
water through the sand and beach wells and so forth. But there are 
concerns about that. 

And then on the flip, as you mentioned, is discharge, the brine 
discharge back to the ocean, which is more saline than what was 
taken out because we are taking some fresh water and then return- 
ing a saltier mix back in. Some of the solutions to that proposed 
are to mix that with effluent from waste water systems so actually 
the salinity is closer to the ocean, may not be a bad solution. But 
both of those are challenges for ocean deals. 

Mr. Baird. Thank you very much. 

Mr. Smith. 


Water Storage 

Mr. Smith. Thank you, Mr. Chairman. Thank you to the panel 
for your insight on the issues. 

It is interesting. I come from rural Nebraska, where irrigation is 
very important. It is actually helping feed the world I would argue. 
Yet I only heard a little bit about surface storage. 

Dr. Wilkinson, would you say that surface storage can perhaps 
help us mitigate climate change? 
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Dr. Wilkinson. Surface storage clearly plays an important role 
already in our water supply systems around the country. One of 
the concerns with surface storage is with increased variability in 
the system, as Dr. Overpeck described, we may need, where we 
have surface systems that are providing both flood control as well 
as water supply, we may need to hold those systems at lower levels 
to provide that flood control or take further risks because of pat- 
tern changes in precipitation. 

So that becomes problematic. We would sacrifice water supply 
and hydropower for those systems that provide those services if we 
are to operate those systems to deal with increased flood control 
risks. 

The other issue with surface storage 

Mr. Smith. Wait. If I could have clarification. I am sorry. 

Dr. Wilkinson. Uh-huh. 

Mr. Smith. I am trying to follow you. You are saying that we 
need to draw down? 

Dr. Wilkinson. We will have to leave more flood control space 
during the flood. 

Mr. Smith. Because of 

Dr. Wilkinson. Because of concerns that we may have strong 
precipitation events that would fill them up quickly and then spill 
into flood, and we have experienced some of that. We have had 
some problems around the country, and so one of the concerns 
when you have less certainty as to what might happen with pre- 
cipitation, but an increased chance that you may have high precipi- 
tation events, then to maintain that flood control system you begin 
to lose, there is a tradeoff there. You begin to lose some of that 
water storage. 

The other big issue, of course, as Jonathan mentioned, with in- 
creased temperatures, we are going to have increased evaporation, 
and that is actually quite a serious issue with surface storage, es- 
pecially in arid areas. We are losing a lot of water. Now, that 
doesn’t mean we are not going to continue to use surface storage 
systems, but we may need to recalibrate our rural curves and our 
expectations of water supply coming out of them based on climate 
change. 

Mr. Smith. Can you give any numbers for what you think the 
difference is today? It is, I think we might be able to agree that 
climate change is a bit of a moving target in terms of defining it. 
We are even getting away from the global warming terminology 
and going to climate change based on some of the numbers of the 
last 24 months or so. 

Can you paint a picture with numbers, easily understood, per- 
haps, of where we are with surface storage today, where we need 
to be, compared to the past 100 years or so? 

Dr. Wilkinson. I can’t give you a specific number, we need X 
amount more. Of course, it depends around the country what our 
water supply situation is. Let me suggest two other considerations, 
though, in addition to and coupled with surface storage, and that 
is groundwater management. We have tremendous opportunities 
right now around the country, certainly in California we have huge 
opportunities to manage groundwater more effectively and to use 
groundwater storage. Picture it as an empty bucket underground, 
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storage potential, that can be managed. That is an opportunity, I 
think, we pretty much all agree is a priority for water manage- 
ment. Of course, that means maintaining quality of what gets into 
the ground and once it is in the ground, maintaining that quality 
so we don’t have the kinds of issues that were just mentioned, the 
concerns about water quality and what is safe to drink. 

Mr. Smith. Now, you said we needed X amount more of what? 
I think you said something like we need X amount more. 

Dr. Wilkinson. I can’t tell you exactly how much more surface 
storage the country would need, and part of that would depend on 
how well we use groundwater and how efficiently we use water. 
That would, in turn, reflect what our surface storage requirements 
would be nationwide. 

So I would have to think about it in the context of the demand 
side, how are we using water, the other options for storage, includ- 
ing groundwater, and then what we need to do with our surface 
storage systems. I would suggest we would need to consider that 
as a package in the integrated way. 

Mr. Smith. And would you suggest that we need more reservoirs? 

Dr. Wilkinson. I think in some places we might and some places 
there is serious discussion of removing reservoirs. So I think you 
probably have everything on the table. Where do we need more? 
Where do we have systems that may not be cost effective and may 
need to come out. 

Mr. Smith. Very good. Very good. 

Dr. Overpeck. 

Dr. Overpeck. Yeah. Thank you. I mean, I think what we really 
are running up against here is we don’t have the knowledge to an- 
swer your questions. We don’t know exactly how the water supply 
from the atmosphere will change in the future and how the de- 
mand by the atmosphere in terms of evaporation will change in the 
future. We need to nail that down and factor that into our models 
of both above ground and below ground storage. 

But I do agree with Dr. Wilkinson that below ground storage 
might turn out to be a much more advantageous approach, particu- 
larly in states like your own that have abundant aquifers. We are 
already doing this in Arizona and many other states, such as 
Texas, are putting the water underground. And you don’t always 
get out what you put in, but nonetheless, you don’t have the prob- 
lem of evaporation or some of the other problems that are associ- 
ated with above-ground storage. 

And one of the ironies of climate change is that with the prob- 
ability of increased frequency of drought comes a probability of in- 
creased flood as well. This is because the hydrologic cycle of the at- 
mosphere is getting accelerated, and there is more moisture up 
there, more energy, and it gives us both extremes in greater fre- 
quency. 

And we are already seeing this around the world. 

Chairman Gordon. Thank you, Mr. Smith. We are trying to beat 
a vote here, and Ms. Richardson has been gracious enough to yield 
to Mr. Matheson, who has another commitment, and you are recog- 
nized for five minutes. 
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The Environmental Protection Agency’s Role 

Mr. Matheson. Thanks, Mr. Chairman. I will be brief and 
maybe not use all five minutes. 

You had a discussion with the Chairman earlier about the bill I 
introduced, the Water Use Efficiency and Conservation Research 
Act of 2007. As you probably know, it would establish a research, 
development, and demonstration program within the EPA’s office of 
research and development to promote efficiency in conservation. 

I was curious what role that the people on the panel would envi- 
sion the EPA should have in supporting our long-term water effi- 
ciency and conservation effort policies in this country? 

I don’t know who wants to answer. Anyone can answer. 

Dr. Wilkinson. Let me just start out briefly, I think that EPA 
deserves a lot of credit for some very good work over the years. The 
low-impact development, some of the slides I was showing, storm 
water capture and attenuation of pollution, for example. That they 
are doing very good work on water use efficiency. 

Of course, it is the 1992 Energy Act that includes the require- 
ments for efficiency in plumbing fixtures, and that has made a 
huge difference. EPA has done a lot to follow up on that, so I think 
they have already done a lot of good work. I think it is a very help- 
ful move in what you have proposed here to take it a step further. 

Dr. Parker. I see EPA as a very visible entity throughout the 
water supply community. I see them as advocates as various ap- 
proaches to water supply and completion. They are out at con- 
ferences, they are in regulatory situations, they are in planning ac- 
tivities. There is only so much that they can do, though, to advo- 
cate without putting a little money on the table. And their research 
budget has been cut back so severely in the last few years they are 
losing their credibility. 

I think you have nailed it with this, to give them a little bit of 
money to push just what is needed. 

Mr. Matheson. I appreciate that, and I notice in your testimony 
and reports from your organization, Dr. Parker, you make a num- 
ber of recommendations for additional research. 

Could you maybe offer just your opinion about what you think 
are the highest priorities or the most critical areas where we ought 
to be investing in R&D, looking out over the next 20, 30 years for 
where we want to go? What do you think are the best priorities for 
R&D on water conservation and water use? 

Dr. Parker. I think we need to invest more in dual water sys- 
tems. I think we need to invest more in the institutional side of the 
house. It is severely neglected. Ms. Johnson from Texas was talk- 
ing about her concern about human resources, and I interpreted 
her concern as being professionals in the field but then the con- 
versation took sort of the direction of public, the level of how in- 
formed the public is. 

But the truth is is that in terms of having professionals available 
to address problems and staff our agencies and our consulting com- 
panies, et cetera, is really in sorry shape. The dwindling research 
budget for graduate students in universities is not adequate to 
produce the people that we need in our field just when the prob- 
lems are becoming most challenging. And the social science side of 
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it has always been neglected. The water policy experts that I know 
are all in their 60s. So we are losing the few that we have. 

So the social sciences, innovative supply technologies, conserva- 
tion, I think our hydrologic networks are probably adequate, but 
they have been allowed to be eroded. 

Mr. Matheson. I appreciate that. 

Mr. Chairman, I appreciate my colleague letting me go. 

Chairman Gordon. Thank you, and now Mr. Hall is recognized 
for a quick question, and then we are going to finish up with Ms. 
Richardson. 


Can We Capture and Store Rain Water? 

Mr. Hall. I ask the question of Dr. Pulwarty. Something that 
has been bothering me for a long time, and you know, need spawns 
breakthroughs and wars bring on weaponry like the Manhattan 
Project and things like that. And shouldn’t we be thinking in the 
long-term thinking in the future of how to save water? 

And it worries me, I have been working on a bill trying to put 
together something for a future, a study for the future of working 
on a bill, maybe even a sense of Congress or something that or 
some study group, when a bottle of water gets to be worth more 
than a good bottle of beer or a bottle of oil, you know, we got to 
go to thinking more about it. 

And I see in Texas and west Texas the rains fall, and in east 
Texas rain is falling, and it goes on down to the sea. Shouldn’t we 
be capturing that someday, even at 100,000 acres at a time to have 
it? And we don’t have that need yet, and it is too expensive now, 
but I remember when it was too expensive to have a module for 
astronauts to escape a shuttle from. And we shouldn’t ever think 
anything is too expensive to save lives, but it was also too heavy. 
Engineers couldn’t prove it, but someday is there, I will just leave 
this thought with you gentlemen. 

Be thinking about a way to, giant sumps or something, to cap- 
ture that water and not let it run off to the sea and have it for the 
time when we have the droughts. 

Yes, sir. 

Dr. Pulwarty. I think this is an extremely important question 
as to what mix and types of storage mechanisms that we are, in 
fact, talking about, and at the same time have enough left over in 
the system to make sure that the coastal economies that depend on 
fresh water and flow for oyster beds, mussels, and other things like 
that are themselves supported as a result. 

One of the issues we have with withdrawing water for storage is 
we then increase saline intrusion from salt water into the near- 
shore aquifers. So as long as we are balancing all of those kinds 
of issues, then I think, yes, storage is one of the options. 

And we do have to think in terms of groundwater as well, simply 
because if you can’t fill the reservoirs you have, extra storage does 
not help us. 

Mr. Hall. One day I think we will see a huge metal or otherwise 
sumps under there, and at my age I don’t even buy green bananas, 
so I can’t look that far. I can’t see that far ahead, but you younger 
men, and this young Chairman here, I am going to get him to work 
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with me on something to set up some kind of a study like that so 
we have a plan for 30 years from now. 

And I will try to stay in Congress that long to see that they carry 
it out. 

Mr., I yield back my time. 

Chairman Gordon. Thank you, Mr. Hall. I have already made 
arrangements for Mr. Hall to say my obituary so, Ms. Richardson, 
you are recognized. 

More on Ocean Desalinization’s Environmental 
Impacts 

Ms. Richardson. Thank you, Mr. Chairman. 

Dr. Parker, as you can hear from Mr. Hall and our Chairman 
here, you are in need of the next generation of water folks. As you 
can see, we have got great folks here that I am really concerned 
of the day when we won’t have Mr. Hall here to give us good analo- 
gies. 

Mr. Chairman, I would like to invite you and or maybe one of 
the hearings we could have in the future would be about desalina- 
tion. The largest home of the country’s largest and most advanced 
federally-sponsored seawater desalination research and develop- 
ment project is in my district. Dr. Wilkinson, I was a little sur- 
prised with your comment because back on January 30, 2008, the 
Long Beach Water and the United States Department of Interior, 
Bureau of Reclamation constructed an under-ocean floor intake and 
discharge demonstration system, which I happened to view because 
it is right there at the Bluff Park where I walk my dogs on the 
weekend. And the only other similar facility is in Japan, and I was 
particularly, caught your comment because it was founded that es- 
sentially the underwater ocean floor intake system, the ecological 
impacts of entrainment and impingement typically associated with 
open ocean intakes are avoided with this system, which is what 
when you were asked the question. And this natural biological fil- 
tration process reduces the organic and suspended solids largely 
eliminating the need for additional pretreatment, which reduces 
the overall energy footprint and cost of operation. 

So I am not sure if you are familiar with the success of what we 
recently had. The project was, as I said, recently completed. I 
think, Mr. Chairman, it would be well worth either one of us tak- 
ing a trip. We can take a Tennessee guy and have you have a real 
good time in California, or we could have a hearing here. I think 
there has been some very recent information. 

And Dr. Wilkinson, I am not sure if you are familiar with those 
results, but they have been substantial to the impacts of being 
nearly 30 percent more energy efficient than the reverse osmosis 
technology system. 

Dr. Wilkinson. I think you are exactly right. The Long Beach 
project is quite good, and the Bureau of Reclamation has been help- 
ing. 

My point was that using that kind of an intake avoids the en- 
trainment and impingement, so that is one of the opportunities 
where the geology supports it to use that kind of system. I think 
that is a success, and I think they are doing some very good work 
in Long Beach. 
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Ms. Richardson. So, in terms of funding and research and 
things that we can do, I think it is a valid area for us to consider. 

Chairman Gordon. I certainly agree. I just talked to our staff 
and she said that we need to be sure to get somebody in on a fu- 
ture hearing. Her response was that we have been talking with 
them extensively, and the term she used about what they are doing 
was “fascinating.” So I am glad that is coming out of Long Beach, 
and we want to continue to learn more about it. 

Ms. Richardson. Thank you. 

I yield back the balance of my time. 

Chairman Gordon. Thank you. We are maybe eight minutes 
away from a vote, so let me thank our witnesses for appearing here 
today. Under the rules of the Committee the record will be held 
open for two weeks for Members to submit additional statements 
and additional questions that they might have of the witnesses. I 
ask witnesses if you will respond to us if you see particular areas 
of federal R&D and also if you know a particular agency you think 
where that should be carried out. Such information would be most 
welcome, and it will be a part of our thought process. 

And this hearing is now adjourned. 

[Whereupon, at 11:31 a.m., the Committee was adjourned.] 
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Answers to Post-Hearing Questions 

Responses by Stephen D. Parker, Director, Water Science and Technology Board, Na- 
tional Research Council 

Questions submitted by Chairman Bart Gordon 

Ql. Please provide the Committee with recommendations of additional Federal re- 
search and development to increase water supply and water use efficiency. 

Al. See Confronting the Nation’s Water Problems (2004) 1 by a committee of the 
Water Science and Technology Board. This report was called for by a Congressional 
mandate and would seem to provide a very complete response to this question. See 
in particular the executive summary and Table 3-1 for particulars. 


Questions submitted by Representative Ralph M. Hall 

Ql. In your testimony, you point out a number of issues that exist do to aging infra- 
structure and outdated water management systems. If you were to prioritize 
these issues, which we are often called on to do as lawmakers with limited 
funds, which of these issues would you address first? What viable solutions exist 
that need to be adopted on a broad scale? Which area has been lacking research 
that we now need to devote resources to? 

Al. Personally, I believe federal leadership through EPA programs or research 
funding should give priority to (not necessarily in order): 

• water reuse for potable and non-potable purposes, including use of dual water 
supply systems; 

• alternative, innovative, green urban stormwater and combined sewer overflow 
system design and management; and 

• water demand management approaches. 

Q2. In recent years we have been exploring a number of new energy sources to try 
to reduce greenhouse gas emissions from fossil fuels; however, as you know, a 
number of these alternative energy sources require large amounts of water. How 
do those changes in societal preferences affect your calculations on available 
water resources? 

A2. The “water-energy” nexus presents many challenges to those concerned with 
water requirements for energy development and energy requirements for water sup- 
ply. The WSTB has been unsuccessfully trying to develop a comprehensive study in 
this area. We have few positions as an entity and my personal experience is limited. 
My only recommendations would be that consideration of energy alternatives take 
into account very carefully the water implications. This does not appear to have 
been the case in the crafting of biofuels policy as indicated in a 2007 WSTB report 
Water Implications of Biofuels Production in the United States (summary attached). 

Q3. In order to face the coming challenges in water availability and quality, we need 
qualified scientists and engineers. Could you discuss the number of graduate 
and post-graduate students going into water issues versus other scientific pur- 
suits? Is this enough to provide critical information to decision-makers over the 
next few decades? What can be done to encourage greater interest in this subject? 

A3. The issue you identify is worrisome. I have no real numbers, as perhaps the 
National Science Foundation might, but it appears that new folks are not entering 
the water field and that our workforce is aging. It seems that restoration of respect- 
able funding levels for water resources research might reverse the problem, as we 
certainly are going to have well qualified people in many disciplines, including the 
social sciences, to help address the increasingly complex problems that are emerg- 
ing. The attached Confronting the Nation’s Water Problems (2004) should help shed 
some light. 


1 National Academies of Science, 2004. Confronting the Nation’s Water Problems: The Role of 
Research. Water Science and Technology Board, Committee on Assessment of Water Resources 
Research, National Research Council, Washington, DC. 
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Questions submitted by Representative Adrian Smith 

Ql. Federal drinking-water quality regulations for naturally occurring toxins, such 
as arsenate, can be burdensome to small communities, as costs of remediation 
are very high and far beyond the budget of a small town. Are these challenges 
best addressed at the local, State, or national level, and what types of solutions 
should be proposed ? 

Al. This question identifies a very large and challenging issue that affects a fifth 
of the U.S. population. It is also a problem being addressed by EPA. In 1997 the 
WSTB published Safe "Water from Every Tap: Improving Water Service to Small 
Communities, a report that provides guides on relevant technological, financial, in- 
stitutional, and operational issues. The report is attached in pdf; I personally have 
not tracked EPA follow through. You might peruse this report or its summary and 
then ask EPA for information and opinions. 

Q2. What are your views on balancing the demand for various uses of water, includ- 
ing, drinking water; agricultural uses; energy generation; habitat, especially for 
endangered species; and recreation ? 

A2. Conflicting demands are presenting themselves in many regions of the Nation, 
and conflicts are not limited to arid areas. The ACF-ACT basins in GA-FL-AL pro- 
vide a vivid example and there will be more of this in the future. Each case is 
unique and it is hard to generalize, but in my opinion decisions must be informed 
by advanced simulation/optimization models, with visualization capabilities, to 
produce results for discussions by experts in all relevant disciplines and decision- 
makers along with all stakeholders. Not everyone is going to get everything they 
desire but consensus on outcomes can be achieved. It is unfortunate that the venues 
for such decision-making were effectively eliminated with the demise of the many 
river basins in the early 1980s. In my opinion, such river basin commissions may 
have been ahead of their time and should be resurrected. 


Question submitted by Representative Russ Carnahan 

Ql. Could better data and monitoring improve water quality and quantity for St. 
Louis and surrounding areas? 

Al. Yes. Such data would be necessary but insufficient. The attached 2008 WSTB 
report Mississippi River Water Quality and the Clean Water Act: Progress, Chal- 
lenges, and Opportunities discusses this and describes several implementation ac- 
tions that should be pursued at the federal, State, and local levels. 


Question submitted by Representative David Wu 

Ql. It is important that states and local communities are part of the discussion re- 
garding water challenges. However, I am worried that some stakeholders may 
have been overlooked. The United States has unique political relationships with 
more than 560 tribes. Many of these tribes have treaties with the United States 
that recognize tribes continue to have certain rights; in some cases this includes 
water. This is a very important topic we are discussing here today and all stake- 
holders should have a voice at the table. Has your board included tribes in its 
work? If not, why has this not been done? Will you include tribes in the future? 

Al. Yes. The WSTB has engaged tribes and other relevant stakeholders in its 
work — both as committee members and as “resource people” to help inform our proc- 
ess. 
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MjIkiijI KeheiIIUI i iiui.iI Mi 1 1 . 1 * : nuid'U'- div ihj'.n Gnlil 1 1 e v.'ljn i I ■ uf Ui: •*.;rjiii . ! ,1| L dll _-m \ ul 
HUklk lU XdJiiPd <f i.ruiiEimi: aid III. JtalilUr "I MulLiai* Hit ntnihii itf lie 

Hiiirtiv-Hs fi.i tflc lEji.11 Me IV jku f_V HtU ifMEllI i"ri|i::diiE-- aid Aii iv>did till 
ippfiflfldOi' t'djiiftcv 

INi swdy ut- try 5,'ixifEifiBMj Aewmail KU ■. t-ri Ae j i ■ i b l Aeuknn it 

Xieikli aid =Ik Ui. • il* J'E i*..*l 'ii: n . in. vfiiiiii-. liiiiie’v 1 1 1.-. ■ V vi -.\iiaiiv.iidj ;>»i ■ -. | . 'J in 
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"H E NATIONAL ACADEMIE5 

4fao<i 4 At toft" pn Sow. 6*hw% 44 fpViir 

I hi Xjlhul kkjpuy rJ SdnnciN ib .< pn'.aif mr^r-rlii ull-pfqviccrf aac ti y .4 .If. rg.u ■- hi4.Tr -. 
triaged in u^riric anil rr^reein.j ramth. J &J ». j i .' J n -iw -urtKTarti - j 4 Knu n: icdrvi L n: u i>.: r 

un! F-t i * gwwtf itffmw Vpm i Iw pofib'flij ?r r»« dw*r fr<n#4 »rby tfw <~cnp*w n |»* j. ihe- i-Vrafefifc 
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Executi ve Summary 


hviJhmt is mnnc fiinkinunlat tc. life ih^i wil*r. NVj .mly i' a basic ncsn). Sid 
■fcjpsdi 'ale « jivt iinfeipm*. lh« ndiw's fc=»hV. 'Whin is . «n»ii} . mil ■i'vl.'uy ITw Kinis-ck 

l‘ nllmu? I ■. 1 III., I j'.j i- !:■ L- ltv 1 1 1 j jdLiiii.r.j i | i l i i il i I \ u nj . . ..Iih ,i| n.iln In iikjil llUinitl .jnl 

ttplD$Ktliireib.ii.ndaie I'.Tjd-'jl filing eampelitioii donieiiis. iiidir-vi-il earn more ill. 

. j isvhur.il. Hiil ui' in siiikri il iivjs. HiiUh malar itsoujeL-yiarctdoms I i kali )■■ enitfue in 

II M >..!!> il.eisi.in— .Hs-Is!il i" »••.%•!» ill ml . inn.-ii si il n.vil i-.iss- inl.:i-iwil 

L*kj iilm h J 1 1 1 1 1 1 1 h; ufttii l.jsiIIkUil^. atLd uii>_zi1_i:* .i.knulr. l* itilluiLs 'lliH£ £hbktd MG fcdfl G&ftlfe 
■■■ :1 1 1 :rn I'ji: I'lI L-IiL'-I tli -. u -Il Hid UliTvSIi. 

In June JOOJ, dac Waltr fciknw and Twlmb^y Uuud .iffc Snrtir.rail Rci-eirth Cmdl 

I.SRL'I piWiiLheJnnqpiirHk'il nullimil irrip«H:rri :uuu ill " wiler niinuTV' Tpna-di lM hhmildh: 
sail I re surd, n il I Iviv. . k: . : r. in vr 1 1 : 1 Vi ennirenl i ■" ei v-mj , . 1 , : Lj L r jnihktii ■ 'ii - ., 1 1 ■ 1 1 1 y 

Agenda for Water Rnarat* iieianvk in the 2 i r CVijrnr;. vi ti uuaaded to dram public saituiK'i 
Id Ihii iirscney and eamieexir tf llrtura uraltr mmnn izves facnii! ihe I iineil SMh. Mil 
rvpr»l I'J'.'i ill T-d* Ihd svJfi-idusJ rasoaieh a row needed kelp eirnn dun Ihi uirkr rerwas uf 

ilia I ‘iiil.'il M.il. -■ iv ill a ai ■itil:.v':£-L: river Ibe las/ nu I , v. iZh . u:|iii i* n £ .n Ik: mao, in l, v.li 

Mil- ;ln k.iln Kssusll hlvi'fI.i. ' In Jni Jj:l <■! sUxll ivslu lIL and III.- ill 1 . L-LlcUdffl 

bllootcod to inch rasijrehsJNUId bo impfuied. 

SSuhHijimil Ip rekn-e pflhe im HTcninH Teputl. Oe»eress rviiHeekd Ihji a new NBC 

IiiiIl- k: enihiuLikil In Ini^kir iklirr. - :i>: Ibr -LiIl nl'lhe rnjHiiLa . .neh vn . i |rii-e in 

I I irl ! Lid nr. Ilii. -I .ill sliijr>: lsuhSii I iiiZin: .id imIixiilm Ike I a “i I ■ I : r-. '' T •* .-. . 

repm. 1 2 ! iiaKiii-i.ilff.lll md llttlLdlOil |l.d--vr.--- .n>l. III.-.iZiM'u'J.:. ■■! i:'m L---.:inn! ina'iUf 

resnuYU'TP-vardi *dw rodeml k*vL and s/nanlly asHU- ils BdbgujstiM j) add-w tfw med I* 
hcUpnpwiliiMis, tiwHalipn't-wjler iv«i|ricv'‘ Trwrrh enkTr^d- md(d)iAq(liry intliluliifiri 

I I I il i i nc-: fi n Mil 1 erjp mi.l:iI oil ■ diliHion, |iiiih ill j_ili mi inJ aiiplLiiinillalLs'i I'l’i ill-jivIi min tin 
reuimei. IIil-iijJ', mLtLedTiadotil bv iho l.'ommiiiL-i: pu Asutsmeni a I ‘U jltf Kesounzei 

Ltl-viTlI!. u-huti mil li.ai- times ™ die hih nf 13 mi'nths 

Pwcp mmhlH in ntfuMd-by tnidnilhi Mkn»inEf ntfrrf qjMrinoi dbpid lh< 

iliA: ill llir mriiri'L lliiIii i lv.-lj i _ Li-, i I i ill ili-rkiiM- lliCji Jn -ijli. I]! n.d I time k: suIfniL^i 
V.jIlt lu hudl protect L-ii'mn«SHnr_il li-L-n . 1 1 1 :l :sij{ I |i I Bl r'u: u- L- L-: I n K -TIE.-. LT'-wLll i .il i nil 

J 
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I i' jKirij; .■Jiji WfPfr FmLJim. PJv !t,& 

itTfdivfl nflw pobry l» made, l-k n ill mkr ■jinliljr 1 m yitifp«il nal m limaincd: i 5) will «w 
uucr nuntgtnurn ss>iufr» udiqa lu tUmMt Il'ilk iiitMtta in ttuA > uMi: vrf lht 

nkyi o bp£ "ne." H u.uuk(p*i1cfiJ i imintfrir^lwilhL'napict.'J.-.jHrr-iJOWLf 

|ci3iL-i n iD Inn nilli lEmCod uklilulinrul jliilil) V? id^uMd MiiN’.vi.-’lyj: :jid nr- 'III |: nik-.l fiuin J 
kn.nl (fK^ipim •■■f IT? I kmI «nvu| wUiuv rttoandi nm wslw nwmvc p* ki> h> .i«>idinE 

I I s . in JitiijIi Ic 'i-LHS’li r-i 

T»r>riislrtiii klrvdf^’lvip.' itw w cp* rfSi« tfmty «nd tav* illiminp!«t !h( idMivri 
. I ■ II V. uNim In viKilir^ u ll«l Kllll Liidj luf 7. iln ff.ulifi.Tj riiLimll. In>l. ill.- 17 (t- jikl 
:p.::nniy i if ru 3 I-.: h ■ . r: will Iv -sj.-ii.-H if- aililn-v-. inni'-l an 1 1 li ri ir I ia.iI.- r n -■ 1 1 ir. i.' ■: p r-'4i I L I ip 
■J-J lllllkd- 111 ti.- .kJ%--.i-.-|u- 1.1 IK- IK Ill'll It ljki.ll ll llli ILdfcd If S-fl . IV;i llllEO l ’l~rv lll : . I - 

tfopm+d in Ch-T^r I X Ihf ^wlw md HiininjiiriJ wsncslinrti btm limiltd iiKmlini 
in.1 riSuijL-fi Lu I riff j an urotr rernwHi rjvjai' ;h >'■ 'urtttami at. him -.luvi ja: uKpcintiit-iig m 
ins rvwint n 1 1 - J i ■: r . f fr.-n^Mf, w.-jk r pn^kmi — hi mu *4 u-lii<h Erfai 'laic iiw- --im) ih<> - h-v't 
In i Ji-I' iij lb i:lt|i|ii1ijll ILdiml iii.e-iIhIl-i- Pin LU.fcJi-.il:- * mat if ifirii rife Inf Mil: ludnul 
p-v. inu;:. til in [r-r-dji. 111 ^ thu nuUiinn. piKPctl In -iili-H— uji|cr -.fjiiirff -: lipiik Si-.vhiH vulfr 
ltMMUL--jh TH . ■ 1 4 -.i r i :■ il.i mil I . . k-iik.i.li ul L'-uik -n hlini III j | fix i:n nl'ii :. 1 1 1 b; I: IciL-iul . I I b. 
hJ r.ilh.-r .!•( I'-S =lll.-Mli-|l MM nn IF- II A J'.i.lfj T. i-'< (.b ii.ii ■ M v Hill-.- p-i.li .ifiv:n. I.-...J- M 

«wfleit} , l f, til ti>.‘ff jHfiiLit-j Mu', k-Li'iiu anulved licpastrn tuitul liivlnj 
iry.j'.nyijujUd. au.J niKHHMtifna vwir nfinnvf’ nsunh aetniVwilhw. ih< lyfrml ninths' 
mil liu-t i" k- -.I li i ill’.! in oriltr lu su-injum .lUiior wsw pufeluiia. 

L ln|n.-r 2 irf |Hl«: ruptiri matin'-: Ik- liinlim cA luL.-i Si I iukiimiuu! TiLEniLk 

ill LIU L-lknl [HJ UJh&Xllaid hulk Lilt M.-KK-lIi tLIJLiflJ L.I M.'ku ilJTMUII l r il j |i |M likllH II1UL L 1 : 1 1 1 1 1 J I L" 

iliIIi ik- r.-.-.m-hiMi -j-in.k.-niii Ik- pi.’- jjvJ |n iDnniml* hnu ^1 S 1I1^h* 1 fif-Mflfr IWUUIW 
rf-jif'.-Ti ni ilw Iv' LLiimr> hu lUiL-nuitJ in rapons; w aHfMflml >lIlhiiHl. p.hiIk,jI. hiiU hKiuJ 
n»w(m<niH I nLppptl-nfiL^MPKtiliHj k‘u.\in-hd(Tciiipiii)‘fcH* , lL JninEmiKhit' , lki 
I RHk, .1- jJ nail 1 *HICfc. k^iiMiii^ vrhli lJ.i jl iiiLt-l', tnkiii in diL- ilfi l-'l-|mu.-m: ti' riv tn. fa 
n«i-#J|io*i. n.md L-Hllr-J, uiil 1-i. fJl’: nT u-*ir fiw iiriprliir ll w« nil mlil Mil | - >f 111 lKi| 

L-. hi :/ 1 L - -- L-tHiliiMricd In :il | 1 |>J ill nji. i L’J 1 1 1 1 ’ d I ntb i if i'eim.i mi i 4 1 I iuvlhuuzi I L.-TJ lj I i Thf 
Hknrt-livid r.i-.vnrliTwni |i.-.i .- .1 il rinr. I|i-' |"*MK vi km CiifipT(«i Hid U WUifliiu lu-infh 
■ ILLL'J t Similar ViL fi ll) ll Ihi Ii.’Jli hI i .Jk; H V. ilj( cnullid luii. 1 t-:- iu -dm^kvmtin far I Ll 

ibm 11 hilf rfAKine jnsWwm- "f pnlkuwii Uk lk |Wn<. ethwrie. Hinw<1 «i «n«iniipiwiliiil 
|vd«tlaa Meniatd v. iili vriitf dtvstlspnitfEi, wbteh ^llinti td ik (JuIIl-v iuiudub md L-jti ifc 

I QirL-umiik.-rr -tJ.: in.u-.- nf a tv[iL iikirL- rnk; u.hili iliSi -'ipkiHi jing PirnL in pn-fniriinj. 

:L'.-Hllt±J..- L.I "JL lIll HIL'Il Ti Jlil If.'IIELL:-. dll L'lv^ll 

Admini-nralaifiH J4Btkani,l |'Wlk> n-j-AfloH i Ini Ik'ik-ntl ml.- ipYrikT 

rtk-jHirtti ff-i-jivh. bdlifidqj du nuunt iluuld h dltadlv iMHMtud u lwlpuy in dkwi fn!u <1 
?E. m.:i ibb>im.iiir . jr it- diMp^miie ir ftnc 7- - htLffwi iht vnpf af tha dm* orllw priv-ih mwit 

CtrnpaL "II At Ulhtr 1 1 .jmI. jLtrtti dll -.uspn iL-d a. hiuultf jpfWOtjdi V. jlf ItittaA ll. I Ufrt 
lk.il il HiiiiXs j i ■ : .1 . 1 1 1 1 .- 1 ■ in: lliron^li Mil II fii-l..- n ■- .ml ipp-iiprial .-iiv pr -...-T. 

.mcLifJnlLL- iffe dm uhi% id As^uihMKi' lin It ila KHUIUtl Mm: Milk hiak lu lbs Mi Li) 
up. Ih( ni[;J«rt ■H'bnE-k'nn l»«id nwnll >■ iini'KiH Mli lliniipj. nr ippli«H n^irvk llm 
LL.nikl Itidu mat uiimtdlilt KsidHi. 

■ iinrlk ki'l jf *n. prvrilL ■.■IciiKnlL of '.i rnlianl wbIct wsluiiwh 
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luv* htvn idciir :icd in middy i Aryin^ wjv\ niuiv if gjnu.'Kiotis. aid rc-fMTis. Mar. ptrwr-jl 

lii|ii.'p nr tvmrimi Fur ^iTfaGpftp. Ytral(^r 4 htL*£il ptn ■ i l.i I jnucH^?. .i'..iilahil:rv nl'vrilpr 

lor hill i hi 11%; aaiii I •%: i k: iic , unJ 1 1 >. :k 1 1 1 1 1 h~- tvvt-H.y idiJiiiitil.r^ lu'i c J i %: 1 1 ; xl cJ I ■, u-Y-et 

ilk dcvodds. ■■ Ink -Jllitn. wfc dhc irvfhKl pf tlinruk aid newly ^ jisrr-WTi. 

.isnlinniKBilk. ire ru. v l li )-p i TN.: i|r^;ji m. . nl'xiMiie iiTdi^Mirru nver lime uiyiyrili 

IliiL llir mfku "si rei-.iejn.li pi.'i'/ uni. |.-lli mdn. kkia-k mid I is riv. Iu-,e i.-i|nnkkd -iB BB 

hkdunh: iTHniwninJ Mill llurc is nDwiKlurd in ptas to mil« uk >i| llioNioardiafv ntfa' 

r.iiei jl.vl I" '"-minis eTfk-'rt FTiupi iniLed. . I llie ndhuil Lvel lliere ii pn enmdnakd [tikd« 

k? -d'-ir-tA-mi;: wafer retumiHi iv-sukIi ikftlv I'rnf iii/iih iliun far IuiiJi •* |iiir|<!'>>^.cr far 
mhotim Lho iSidnvH of rvw&rih icivrK' 

In like I i>_ L' ijf "Jzti iirlm i_:j| nukililv ininief :■:■ elleitue, keuillv einueiV ill iialmnoj 

program of m nor rHoinrcy rewiimh. n is reason irio » ofl. 'Wby h«hcr with yd Jiw 4 her 
ofnpwiv^--iiv ,J ' Iht -in™ nr lie- - m lh< 'beer mmikrr -Wf ^■ilern:viiiT« pmhl(ms I^r-. 

il"u>h jl.\! in i_'lij|>:ei 1) ukJ Lli: liL'l Uul lime piddim .□.' e.i-.'Vi IliiL IkOls mnnlk:i . c J 

nik-niily . L'ii iddrcvt Utesc pfnhkme fumsdully. Ik- lurrr miM braral an only in ippli«t 

nueirL-h hiEt.ikn m^ni»l:.-. -v.il ruajirvh ih»i will fum* iln liw.iv ftr jfpli.il iv’<m , li i divide 
hell lx: A .bi v.il i'l |ljiI edloTU ii ill: lakidv kid |L' Iinii-h I J'l .-1 "S : uni -Lftidly '_Ui.L--.il I IT -1 f 

il>< iIkw-v mi (.indrtiivn oH“ wpd,flT ioscww: in Slmoul miy ropon nf llie I 'niwd Slsltoi 


A MK I bKHJ PUJC *KL' L1M : rKHJKJl IE£ 5JK A VU'KSYU, HKStKAbiCII AH-iH.AHA 

'line- ' 1 1 1 1 ■ " ■■ co v.jiei' nuouroo pfobk-rtti- ii neaeuirih ■■■■unlir :ji Pismui'l^ iikfiin bii» 
lh» hwi* Wfliril :ini '■ki'"il proWKBS lliil gm-Vll Ih* curo|K»i«nlk .il'.i pnvn pn-ld.i" 

Lumhined Wjlh i|Kpir\ bA? piiwi-e melbrtdk f<r i:'k""v, lliei>L prcbknni In nmn iukh. die 

I-. 4Tmm e'-_ i'h. n rweardi priuiiiLv lit- a predn jf>l ctliKi on Ae conduce of researdh and 

ill. like"ldiiHK-l ipf Imiliiif Kidyljiini lei pr-W. n ; >■ 

Vi'jIlT iiihiui - Li-. I : 1 1 _T. .i-l'.i, st ctf L'lkiiB- ■ I . iMsiidei ed in lit: J ' . ■ '.-.i 1 ; I L-p I lE 

niMihinj;ui ■ 'Jitjilid. fiinrpiiftMMi.Tei Ira of U rof-eiU'.IX nLLii-. gniupod dnw adr-A 3 1™- 

Ik .' ii L - i uf ii ..ii i .' i i 1 L j 1 '. ’ 'i ' 1 1 1 1 1 1 Ii j i- i .' i_- -. Ik: i ni.: rr e. 1 1 . I iLiliin' . f b*. :ler .m nl-r mil wirier 
yiLiliLV iiiiililcnib, iii.l iBLV.'^iii.e- lie indiciililg ^rkllljoi OH ■ i . 1 1 : i ■ .^ipli '|:k"id. l' lh>^. 

hir--in and reo?j*Ldin n«it llw cnNROty rfmtfwnir indudci nor only rraciiyh qumkte 

ilniill ■xnugm^ Inmun eimiiirnplive uni TKTiLVTmiTi^HrLr lime uf nilor Inf jkn jluul dneiflruf 
i'.jln I" .re MjJ ti-Oil ilflill Biid Olidln^n.-J Of dlieiOenrd KpHLici. 'i lk: ihiid CiAcytB'y, hMU< 

fmnfntrimi. diphiemti Ilk n«i for co^ircH iirtn hi wrmnnic. nciil. md imHurnyml fonfa 

lliil blii^^ I -e ■ ll i din: J i aiiiihilili like uir Of Vi liLB. IiiIli eilsn 'll r ■ ni Irmn TedeTii :md I . : 
fjLiVisnimfiTi rtfaeMaudiyei iiliei _d Lkj mgdiL'OOuvdi-l 1 1 1 1 proickn Lunlinmed fl>: iihuhIjiill- 

of mmy trf Ilk -i.t tcpiiv 

lijdiEr 'dun fi i _ ns 1 1 1 k; iBi i 1 1 1 1 ' I- -1 k -V^a: 3 c~- -.: j i-e 1 1 .iivikLi, ill c-. r l-|:sii L |J L i : I ' I _ 

■Aeftlk hld^ plllkldkOiCO^UIdd Ilk kl lipjiilll'kl .lIK l .Hldlk l otf wikf ftKldoh. Indoed, 
ililbirieiilis-f lywndi priniviei (Uvilupdil hj-qjrii.ip pficvnli-d. flr m.iniUk-rc a»|. rt-periHr* 
link ifdlVldilBjb, lUVr B Icllfjlif ly BOlTWAr BOUfle. In IbOOnl Ilk: linnllkkiii nl div.i| In:.. 

Pjitd i'Ci '■pLyn ■ lv Imo beoMrc «Imt, .r- n^cufchoi: wd in in ,ilik. luvo moo^nkoa dim 

w.ilei pi-nh . in*. ml liikik.'iel;. nil. _‘.i'. 1 1 . ikiitk p fn-u ui I . .In-niikial, hink^iiul. 
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I OSttYMIlMU rtc AVlIKHI'J rfc-JilA- 

JII.J hmuI viiMiKI. RarJwtTrtlK, iteKMli fniiii tKi .If ulil -lull :c-. atM piVblcflA utility: .lit.. 

¥*4 jcoMmir aw minnc J m bwiirfit unto avxilrei trawli 'iiomfit.ilb' iirfwnicO policy mil 

•util” llt'K. Chsqiur 1 ifnvMiit .1 nvidipamjil fit npifixinc. iipAiling. jqd pn-c ilkir, tfk 
-.mi =ill Mi ■£: I muliiL^b air-fCU'.li j£;.:ih1j -j lt. :-.tt nhbil in 111: J:V.Vj.*-:vnr1.k: atpuil|. ind Md&ftjUMJ 
vsnihk < 4f Ihi tjjtnib. Kif mivkiin > much itotj ihm mug igi afdio primiii«$«l;*1hti 

Tutntrmi- tVil.'i 1 1 ifenoti. p-plilfiai’ii jl :ind fcikp.il wnrniilkci lixhir. n L-.iniprti 

tifilx qurtiT.m . ■: Lt net it ilkicd hlnO du iM. Ik uwd leam ■ i>ii ■ ■ J 1 ■ 1 1 rautfrti [wwrhkt 

jnJlhnlci .livmhk ImJpfrwSsiliiKWvitwpi iviproahc and (tTwIivt luti.init rvn-nvn 


I - 1 ■ s 1 . .1 l>. ill 1 j I 1 ill III-. I . - . 1 1 . 1 1 - i 1 J ' 1 lull .|,<-sli.in - n:|h.i..-i 11. ill. 

'inMa: $£Md" lulllic dtflhe VitOci resiHmMi moirt h Ifet A fcdcf-.il IC*C hAfpripiilE iA IllirVi 
nseireh uIimc iln.- tiaicdus n| sii.h raetrch iic u.'irit dispcn-cd mi da Hi Kdrue only iu 

lh«'C Tibs fill') Ihf |U«TI.+I ! irlli.rm.v. il i- im|i---i.il |ij .-nrni-rL-T wkrtlvr ibfl nsh^icb nre-j 
t, I.H. nii. ur i '.L II din k- jiI±l>htJ Iv. dbUiiubi fiber dial III. fcdn jl ffOVUTimefTt 

Z* Vl li j i li Ih-r rxprdrd 1.1I111.- chilli-, mi .in-MV Thii cpirv h-ifi ail I re -.-^1 i!r.- i mjv-rUn 1 1 ' 
jII.kIijJ H iUrtXiliUJ KSliJll. jiIIili H. ladllli .'I Jiil-.I feu hi Cl 1 1 Mk'ari^ mi all *«wwi •* 

I'ukltriMmiU I-. 1 ► ■■■ . L'Jmj „| wilcfriduukH. 

Ji Tiinlhir nlfd li-fc-irmirhuTiiltnl U [ptflr aar r f hrllrwd rijnllflr it it Ii |TTrtrirl 
for riscjneb r I 1 ihit dddMis in™^ «yf lari j-v lie conran 41'«r (-uwiplo. beeuiej lh<> 

:n. Miiifii. ■ .1 jcjpiHi I ji lyi ikai m lnilii Kkj:il xl:il: 1 ■ J 1 ill J :etl- diiibTi ■ I . 1 1 k^LilrJ -hi ib 

nuribYus. jinl iff v,bxt lieiiLdiii •» a br eud >r-jili dl iln.- imiMi. ilw isanjik. hti jik: 
4 wy jddriw j. ph.'bl«n Mill b 0 Mnmi« ixrv»s. Ill-: nriKHiX StNo llul “-liilf Uborv- It- pwrl-ip 

k::w.\-.’ii k- Hi - 1 .11 ill "i"i :l iinki li. 1 . ■ - * 11 ■ 1 1 - .11 liaiE pulili- yiK-J prup:rtin Ml hj !l' blH Ie:;ii 

njiidrul signfiLdnci. aid ihi e, a >1 

4 - 1 1 1 L 1 TTIL-Jin.il Ifl j Map ill kimi^tvdLi < , ‘- 1 1 1 : 1 .:- il ukuld .L-ji I*, lie nl'liiujifi ^iniih lliui 

n^sircbdd 1 -- ..-t.- | ■ 1 1 -.- 1 1 1 ■- . nf iiili:n.-IKnt. i iiflliLmoori:. 1I1.1. jrj un rnl niniii nnH~rl;-m|- 
nUiiTWT Ibil. cii-vn dki Fiiw< cumpk rily -nir w-Titer r « wihwt Ti^arvh. -Jiiinld K' Ik 

j'. 1 1 1 1 : 1 j 1 ■. 1 1 jilmi 

* llit oilL iili .LLl'Iiiinil iliIiiil- ' I : L- .. ji-.h 

■ 1 1 1 11 l'l'J r. a, bn ml :~i aLmib LiiiiBrxl in |Eirii.|iiL! il-vjucIi ipn®li.a 1 i ■idptmifj. 

au'.wn 

* Ilia- ulL’.l-f-J ilmii 4- r I md 1 1 l i iMlOCtfla Add in-jt-Ui jiiWhU, tit,j ull lipere. ill : lt-l jii.Ii 

■ hiru v.v II lli: ivm::j Ji h]iIiuu.t OunlJl iil'uil upia i.Hi in -i ::i:bi .ml ■ "..il . ipuna 

to dhddi^ing y< liar pjs#ikt> 


IlitMi 4 k: lAn. Jinl llh-s Mii|hMaia'<i: in dddltaCta; dlldfglng Wilii lcn.aj-.ir- piaMav:®. m 
ddurikd 11 dciiiil in (.lidpidf 3 . 



129 


>. Ih-M- “dlls lhh imitvli -in-A I h. uks|u *;> ■'! affects * * s I'. jn retHHch 

:nv.i vjii ' f e: e j I aa i'.. d vi ill i r : a | IL-. I In Tin fulkbo i rid. 

■ enrol: ftmtinc Irr-ala and nndmi ImA ouarlimc 

« wtpfl I> tt lh* rourA uto ■ pin: •>( die agenda of w tirinwt ra A imI iRE'hdas 
' Y'h<(ln;rr¥i"riii'-j!TiKwni&- m thi'Ljpd of rc-E«jri.fc. ha'-d pd'rJIii^ msift-- (ijd.. flit- lc-*-c-'- 

uiLvcfi ul'lhia of i-eku-Ji mliiL pial *n.t .- • a mis ElTnila : j : EEirurJaail 
■r . II — d 1 t-LTi Ik 1 n '■ i : 1 1 I’d. . i n I L'iiiipb'mrnMliLihfnlliiHli.r jfmurLL>manh purl liilii-? 

A Inn aravJmtl i(ji fedapidt pwarrh ond diE-nlnjuKni. liw jiirtfr.|ki cmwspi h inmlutf rrwan i 
mix MfJiuklaiiiniiii .l-J j ■■;■!>.■ d Nacmli; ,* -Vnv.n-i-dfiii md kn^r-iaui rE-s-iai-.li. ef agaacy- 
bmod. etrfltHrt. and im?4^Air-driv«n iiHmi.li; pjid raararh find prf*tp’ti MhMlkwml 

i: |J ru:J.Lijrii|>jLir'iL [TuMutfE- ■' <lll J.f. i idflk:.li-.-ii 10 >iiA!»fl nil fll'llW eJIiiSe- bdnij. III. 

| i j i il i llii!^ |iii i i i linil I k 1 u iTiuli vi'iLilLil In nnMinni^ .in nppmpr.ii.- Kilinii .imItesi 

of witiMtfctiruii j-. n h to lining ipttifk- rtKirjh mpki. 

11k- Ml"" mi. mii dii'irtis jiiil i.m imiik -fJ.h -ii-- -iiv iiiads aftoii! ihs- crtiXMi and 
r I V " k Til nf a nilhin.il [tmirnlin --I'yi alcr minrbi.K. rv-..-arsl( 

1 tf -U 1 1 - 1 1 1 1 1 1 1 1 1 1 L'v Ii mi Ilit- i L jj it i in n i n ij 1 1 pirt jit III-' i-m rt-nl hi '-I >1 ill mi 1 I ■ I 
rrnnl Eh ilvriR ikli'Mildi Still IM h +h f-rShnfl 111 «lmlier It iirid l.i|. iiItJiJt 

rwlh. W jkr remair iuiu lIui^ LiHlIiiimiiili. 3 : iku k r » I ‘——■d ly r j'.j xl b laArnna 
ph"Jl|silK IK i.-S.irtn,;! j n warty ESIHMlS IK" (I ppdlllfnis. fj Ul fhjnpOE JWSfranrK t*y 5hC‘ 
piMic aimttfl muei nhji " ere |Tca MiiE-ii ikiiihfKTiun. Jtariiidfafieilfcsuorand ir-Jii -- u- ih= 
priThylfa m iK«kd ♦» owin' 4'»i ■■ ivimii* not smly nm«i h« pnwliui i» dirrelinj 
i isl-iuJi 1 1 i.i ji'J enier^i fa .Ua. 

Ah m hi nr |n im il.' Hi r iSnkh rL- J I u r '.'I I. ii-M.nbr.-3i ,r- dir dn L-fripliiL-an id a pium fill 
rr^ulj. 1 1-. TThjrn ln^ and n-i IiIiie chi i ailn- pirlliilin «f rrn and L-m" Lvnilvrli'J - -. 

MLNuisns. ImlM aJi-v. t- art Itrlpfui far 1 1 1 1 : bath ihs iiMpa of Uk owino , . , --j i t r resoiam 

i .- ■ i . r . 1 1 ^nferprii: nkj Mil rulim; :i-il fur '.-kill of inJr. idml m-i-.c-i-h iilii 

\Alft-v.-ii;! ihu-si MUt-iiinhisliiaild tiKiaj ilni ilk- wuopi of u-awr r-ajouruas rowiklfc sained 
mil >-- III.- hiiikti hi- fadrr jl anil i.l:£i: J kr-"n-L it k, 5“:iir--:i ainnii nla! inguiii-dKTia. .ml li.i.a-:i. o 
IMIlllll'iSr- n. iYm--- I ■ >. M -- «.ij UldoHt&lJVe-. 

Ih- I ■ -L| . 1 1 1. fc . i : ; 1 1 1 . I i ihiiutf hr hdlllil-d ■■ I' >■ fopiVl lO rkfeT ittlr. fiMIll. miUH* id 
priihlrni iljliwnLanil Nam-nfL-hpriibi-. WiIlt hinniLuirLinaJi ijiu;:i Irmi lniiii.^:nn 
-mllhi/OTSiK-nl^inlis- oflm'ii pb>ii(al.s*sniis-.il.jr!(! hkdosicalppii\^-- ih.' ■li'dioKirilsnslad 
m puVftfc upM luliAMK » uiimediiu- pmbtenM Hu-mjia iesmibms. minXili £ 

toal isn-vdi hy d«r-if|iipiiit * mwtuniim fur sn^arint lliai ilwro •* v appriiirialy irofcrrnT anriii: 

die- dUbKM L' [in Ol ii-.-:ai'i. an dill, hidh III. {MiihkiTE- ijl'l'idj', lu'pI LhOf dill. IS ill K'iVU^a OmS 

Ihpnaxl Ii. I f s jarx mu K i rkvlji.vls .i:LjL:sv.'il 
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(■ <YMjpn*my At -Wife* tt'M-V, r fVnyifrdl- rJhl i^lVi - tj* iTt-UlM--"-* 

1 3n l- lili-sl Ti il hill ^hii h Mkll^ Is ili--ir;iivri sIImuIlI L- f-ll-L I [ I ‘. 1 1 7l I -.. I [Jh Hsii 

Ih+nic-i ijfinltrdi-jrlplliwrtli. hnxni « v|«*n' r iinnri I, invi-nlnlnti. .iml .iii.iprjii.ni [he 

■-nn-.-ni w.iicr Troonttb Ksir.irvh untirpr irs is. limited h> ihu hjoilt.- nhiiwMrTi. fc iyf|(n narrow 
-dAtlpliniry pCrtfKi.I.iH'c *s,a:KiMfc. mk UlL- Itik if'* nitklkd >-.nu| iti.nl'.-: in ^ntislvtd iMti 
M v. i;kl:- iKtumriETnihkm^ kertnrch psdjwmtj .lfler lilt lounlwmts ariicul.Tttd ifwiv amid 
M *«*■ Ihm tamin ad fmmtrn * imn fmtful jppiwirh t* '"hinE the ■tdirm'r winm- 
Haeuret pfeMabL 


ntati s. !mj m.i ATirm i»' n l i eh hemsi im es hehubi ti 
H i til* I SillHlt.XL'.VJ JiW 


ill - J.-i fcs tvuluJLt llm: Lumnil ms J-.IMI. Ml n: -l.iJ:i r:MLLmi:i nz-tcu-th, ill: tunniiillti: 

-Lelltoltd helgn iwi ,j|.J njr.-.'.i‘v inf-miLKicm m Iht tom if iiuney from Iht rruj-x IvOwM 

J|{<qn» and upiill.Ti-l ■■■niJiii.viliiB*: lli:( hw uiipdi.-'m--, v. il. - i-.- -..- r. ev. r. -. 11 -i, 

I II. 'mimi^I i-T" |Ik- .iiVrv ii.u\r ibr U un jciuiuiiiij uT'kiL.t muHnuii ■ -Il llnl LH.-L-LT iu J 

I r '■ ,11 LUO" w I "T? hv TJ-pj -L'iumnue- un Wiltr J-l ..-j x i r-_ l-- Ji id Mil Kcdtr. il La jk il far 

"i-is-ix-i ..-.I .-.1 Ilf 7 !•••• - n -.-i l-I-'.H ■•-l.nl. .1 15;. |>ilhmn[ l-inljjvl mlnrm.il!. in hum 

ill r : 1 1 : rr£ f. J.tjI : 1 1 1 i id till L slL r-.T i — 1 1 1 . ■ il u 1 rcmiruss enuiLh In -.-rikr L-. ■ 1- 1 1 1 1 [ L-r I 1 
^■iimpjrrj-ii til lIil- Liram dolt w Kb r,i--i irdutnh'tik:*. Mil \HL' o a nun Hitt jdi'-fs-.-d j modified 
HBiiwii flfih* firlitr modeL uiing ami orth« nrn «HbE«ri«s and snh "■ ■■ ■■ i '■ < ni.r 

il... Hu*.-. •- rv 1 C 3 jvh r- J:. ... : XSI : 1 Is- - . -■ u:ts \uImimIIl\-I I.: : i 1 1 -.-J III.- I i.: : L' 1 : 1 1 : ,'L 1 1 L ' 1 1 1 1 j I 

j 1 ill li ptrlnnu. or fuikJ water ftKunti restujLii ulkJ i» cevtrit I -.--J . 1 1 or $in trail)*: ituc tod 

inrrp-il eirpinditiiw of -n! -■--1 J’-milfcxi dirinE one of tix fi"s.-i| ytin hyiht wpfj; 

S .- 1 ■ I : I ■■ -.- 4 -| fiir :i ..nimpLjlc Iim! of r:\|'-.iini:n1s 

111 ! iUMfi L-.JSlililL-J-.iMIV: -|I|.::-I|..-IL, iL-lllL.J Li VLiKltr dtSJLUOti fcstll Lll iHttlklK 4-1}. 

In Iht I Tit .|ik-(ii.i|i.:v lipisjins ucoeattsid to rtpnrt letnl e^sirKkircurn f^vi»mIi in nic-il 
J.X*!* IWV. JfHHI.Mnd JIMII far I I «v«r uik|{iini:i (bhL 7 I uihutkijiahK) ni'-A-il.iriipMurn.'ii. 
■L'-vu til. i.4J1 sJui* ix<k:dk»i fc.ilvhJh.'.'i-tfcejifillLTiJy Lvi lii. lit 1i-.sn ilu- lurity.} Tilt 
wmviiMHU s|utnlfe-.HXx n-vne p-ntsl htlp ei 1 -^ rfx wmmniM j IvIkT iirKUixInniinE -s-f curresl nnJ 

|wsij(Vi:il niliirL- i-Tlvri/E. Ml'lhr npincieK In pniviilj 1 ijiL-i III -n I-.- .- wl&IKl ending nf him iui. JJ-.li 
|V:i fi s: mi :jil-u Is LIkk-lIIvJ. .iii.I l- ■ :: :j I L' . Uit n^Vh-iti ' mm\ uf itMiuLll. in [ULcLli n T [ . m . h prtv - nuj 
h-^ PErfwd nLanJn. todtmil. sid short-k™ m- |i4}f.-KcnniT;wiri-h kL'tpensrtla-lhL lumc-- 
utn ntnnillfd in v.’rilki 1 F-imi ?nilLT»%M(i'.V 1 hmJ punmillrv nk.-i-i-t: 2 . I-k-I.I April M-?> i 
I|- -i -' in ^'jiliiil^Lml. IkC . luVisnJ -ir-i - ■ n:s|iL'siiti. MlhnnnnJ hs At Imiusu. ill kUninitl IP . * I 
Ttflevled. TOrmLlien'. anil rLiH»ndLid b aptiiific frurri Iht ciaTimiHet. 

EvtJWtim ndhe whmitled m&inTHli^n in -In.l.; J i lixrnfinniljsii fortfx<™-jl .'iii. iirn.K 

" . 1 1 _■ i i c -.- 1 1 1 u s il- ::j .li I . iiiImm- .iihL ris III. Il ■ I lJ 1 1 1 LI ■: ST 1 1 1 1 1 1 . -r _ : r.j Li I n I LI '.-'1 liiAti 

loiwctc nteandi J If: itsil hnd^vi [nr wa Kumi nttkiMh from I !*&?- La SWJI Hid iht 
3 Xki fT.:-iki-;i ,, - l ii h-,- i'.lA-ttiI -juviit? are 'li*v“n in lip.ir.:'- E.S-S wd fcS-2. TfwfH.idcvl Mi In 

Uat uL-u- .iiliI-i ll-JI In .1. l-.'-iui iht csitrtl in -n Iridi lie -1 1 liv -li.sn IieILt i .- ...l-:Ii mlk 

hff-.vi.'tmvis jukj n jr-: Knii; jildA-yuKi FjmIIv. dit otnioDUKt ijutliuiivtt} ftwss.-visjd rhu TjIjji-.-j 
of Iht CLLm'it natiarol mtaEHaniH rtMitch pvxtfolionlsil'pvilai-lhs; rnmijf .il I 
ij>- -nhiiiol r^iL'.irch Ui-lrt 1 1 u::h ]l 1 rnlliiuiEg, LiMidininiH iii.I rp.vmni.TidJ koi klisi Jirctllv 
Ir.-.r. Mil--: c. ihutmoot.. 
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IV.. .Vlll M llj .1 TT_ n 


lobl i'«atc-rRf!<ou'cc& Hc'sc-nroh Fuming 



14»IK 

■S 

OXJ.UI0 



I 

«xhwb 


4Xpi 


5CT.H0P 


JL Rwgixgenw 

* 'tzilB&r * ■.’■“j vn 


IWa tjTi tFM 19TB l»* i«S i?k 
T«-*r 


Ilfil'KIi IIS-1 Total «Kftudhiui£di ini mutr iHKiir^i ntiriiKh tj luk-tal iil.lt!l m and 
iKflk'dcml'ifE'TriKJlhirTV I M&H HOI V -ill hi rvxt*J IYBW dollars No sinvey. dil;. n 
■1 jii.ilLV 1 1 m V-jars I|776 -Lli 1 1 - B .' v 


Htri h** is ('Tli'ilal ’p'-ifclliifi^'r'BflKi I.-U.MIV+-- rr^CTirvh lun-* miinliii’* wlnlh rip 

1 ihisIum I :n iiiiimI "■■"lill iiiilliiin in ZlSHI -AiiLi r>i | sIiill' E lir mid t'JTlt hknClLiiuri \l 
iLF-flili': dtuEV'sCdlft- 1 Ii i-uhir^lftj li Mfn U10 l-ild I . inline lli.fj II -j I'jr, h . Ii III . lili'Vd dial lk 
Imil , " 1 I.'. . i 1 1 - jii... • ilivliiud iilvt III. l.ivi 111 mjp Ii k amnr-H -jairLam lK.il I'm.?- in 
Cilf-A'jfi'M II I jw jili aupplv .i.^ni<iniii»n iivl EHiMri .on 1 1 ■; m ,i>j r Miulily jnaiugdivkm iiN 

pwlfsI^iX VI ;w.ntr iwflrrws rhniiiE inti in<ii||itknri *>J V]| imoircc* h»vi 

■Ic.l 111 . 1 l MYtrely i-iIlt.- lie rti'J 1971k All i-Cj'hM 1 1 ei 1 1 b akxn. lufti u c lUf^irnicJ hy j 
ip;.-M.siii-ni ii'.vri.iinn m Jysii. mniirlcd &T'4«dh L?k|jrrY 

W jur wmrrt imuiind I nr- at*a pi»ri*iN jpmth In dwii'igmphk and 

1 lv 4 i-HM i." p 1 mni I- r-i -ill. Ii as pifdiliia t sr-Hn diimi .lir |M iidiii i 1/ 111 I 1 i nr lm -1 ji i .-ijtlir - 

■si rilil.i ivw^iih In otter Ift Ms swell dr-fcrrflihi Sain; 1M7\ IhE- population of tbs 1 nhed 

hit milKuliI In -in ixiilVtV Mil' C'llll 1 jii.I icdnil kalr. 1 MLr.LiL:-. Iks c imiel- Mi:.” il .'-ulilj :il 

nid ieikral lundaig h-r -ill rc--s.-ak -> ^ .anJ ihikl-ipnim Imp dm-n'-id'iiMwl w.iiiIl fmdmc It 

uiiLTMina.i: 1 .--..-ar.li r.iNifininilJ ilii^iinl llvi j-.. -i.iills 1 1 r III. I : E-l 111 Lv.iPLUL.ikr 

rthsunxf iL--.-jrLf. ini'JhiL li.v- dwrt*Hhi tiism b.UJJij ftsiaasi to D.CQiMS ptr-tem ril iht CpI?! 1 . 
Lsliile' Ik prrrliim .'1 L Iv fcikral huJi^l 1 1 j ■. -.-Iv :l 1 ,: m : rlv r r : L 1 1 ir . pcieYrti has ihniik Ir.'-m II 03 

f»ifL.-eia Es> M.-IU? IVlLVlC Ik fjL'l L.lisl.l >|'-.l III MIL. 'hi Yl jlL 1 ILiTL W-JslIvOS lie- |||Lll ll .SH 

S>. jTn m 1^13 In Si -H> in ilHIl Uacr Ihsl Ik PTOkUrM LTI usoir PMiWn:?*. YH-iii mrav <r IsEJ 
Jul-l 111 VI nh pupid-«li>ft aid dL'hpJstllL- ^il-wvIl bid L .■ K! >lul|l Hid IMl: ( t iIVjH^, IlHIieiSti III 
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i -Uim.rillKI .■St \ lLVi&'I II iI'jT ThiRalt iV n l-i HiL'li 1 ! 


All Reaouices Ftebuuruh Agency Breakdown 


□ JLL-.'j 

i r « 


asiOAA 



□ D-iHS 


| L S L i . lil 1 ^^:ik:v l: inJfl hnJ>.fi ■ ji j | *-.■ I ■.■ .1 1 ! □ 1 . nflh. Inlol ILikrjl Inn.i",- I'iirYiilLT 

retui3\: ti ratttuh In II HA 


oonlkh <n.i«- u-tiWt. p, new .v ■ ■ ■ 1 1 ■ ■ ■ ■ .. i ■ ■ will haro li* Iv made 1 «j walorto^jdrow n-^arvh rf IIh 
miJ'A'n i. to hr hikjifr&ful E: isdili-. - - ■ M i nljAd :i;d M itci in nii^LiiiLiil |'juhVnn. dh n :■■.■■■! 

W-IS y*«* 

I hi i..p|.. , i« Mriih ■■ ^tihotM+rnlwnli-r rtaj-uroF' reMdnrh rtortfoflf' hj' rhHnitd 
in r Ike rM!i~ I tlf p riiii, im'h llul (hr pmrnl luLmrr ip|ii jii In hr me -ti-ikIi nr n ifch 
nmt priwfllk-* y» ■■nilliirit in dhipm'j. Xfmirchcn i ■ I uLichu iu[H'> jilIi i - unttr 
ilnnunl miLr Ih : uni i(h.T iibHilnlkiril E, T I^ m 1 1 3i in ■a.iLt -._|i|i I*. . 1 .. mii.-iiI:I-mi jikJ 

^^rvolin, nw uinicr- j ^ijpiirkuilly --niulkr fivf .-n t4 ifw i-r-jl » at«r r-raarih fund vi;{ 
lliui il iliH 111 Tv.ir. sfn '.Mi.— ill. 1 ■ nnvnl .ii/r neinirsci. pMCRrcfc 1 nl. qn«.: j>-. tv'nip.iT.ai wrth 
iIil- Iut af nstttttii iiMit-iJ in flw ifHt-YJitftiLiq report r. u>ktr liui -sipuJfcdiii new 

11 i*i .\I 111 . 11 I mini lib 111 nl.- in tt aJar wu jikl niililuliirn.il Ttfuiruh Eu-piia il l -l- 11 :/ KY|ad w iltr 
ul.liiJiI i ■■ Im fee j ikJ 1 -j h v: J id-.: 1 1 uil d V . II i.'.rJiai>.cJ firiiJiiu; Lu bu^iuri i-.--j.j_Ii in ||il--j 

i* 4 iy*tM fro# nt>vr i>hish imy nl*n hp^e prWrtyk llw total wiftfr 

i _-:.r.i Ji fi.iJujI UiTl lUi l- DJ Ik enluir. ed 
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f.rT:'n li i i .!'V r T 9 

riiL-L-umr.nl wuErr axsmirm I l:-l-jjvIi | i ■ ■ i 1 1 ■ ■ I i ■ i j.|.i|h , iii> Iil-ji lh n Li"lal LiJ iartlvt-vT 
■JMri (mil n.-+JTth. Phis i? r>o( HJipriimf in ' nh' Ml'ihp d( -tmplHiij •of losi-faF-n w'im'd-. m 
lh? p.irl I'.ili:*: uf mini Ib-rk-ri: .iiiriirit^ Ei k iiiipirlii -I Iji LinpLnj.-f llud (..-ng-Limt I 1 1 

fiHfmi lit: I"iiifJ,|-:hi liX -HiJRIltIn «i£Uyb i- ll If IiCinid. A ■■ I f 1 1 . 1 -ill should fbj ddVdlnpdd >j 
*i«MW Ib’l lwi*-4<|i« IBKwh a^pinl* Kv lim -. I. .aif-failf fltf *• IWTlRHi'h 

I .'hi- iimo» «T hlMiqirTOlHk dR-f I L I . |1 ; l i.m.M«: bp.. III. I ■ I'.-LHnp fdkdJIWi- iia>i IK It' 

■in rvpiirliriE Ti jdrr rrHiiirfr' it-mi-j n li h I nfid'd fa I ■ I 1 H l:-. ! mliir.laii.lr j. Ilia iLdfl ml 

muinplt dnvurtvinu^nl Hit zttknl iruy.'iuvwm in waltr rsKunu* nometi u ;mkt1 to rmiiing 
jy Jipwifr; nki'il idcdiHi.-- In --pKi nf dhiirly <dnhd (iftfl.'i dk'fimliuiR ofraMrch. iB^Tn ii? 

ijpinl icKirtli ifSifCL mir..'iil-. .inJ ■! l-b :n m%lm ll;. I'jiluiL Vi ""ii'sh ihifimid Jim ill raifinLih 

Klivrty '.nd£m#!L‘i (town by Hit- jSiiiiii'ilrjlinri ard In uud^r^and the level iikI 

■ I i- I i i !■: : i- f 1 1 ■■ ■■., .ri.. .,m-i ...in- - ■ pi-lli — . -ill. I -i- -. -- I y, 1 1 i;iin .',1 

in Iffjult ull IfMIl Jl JlMflll'. If Lvudkia LlNlli-LtlL-C LI.L’JLIJII. CiklL.ailjlL-±J Ill.aillJI 


HA I U lUl KI'i 1X» A^J> MU.vriXIIIIIM; 

■ III . 1 1 iljla l\.' 11 ci.Iuiii ■ ■ m iiu'lnl.d limn tlf -.1 :J iL-niiifLi. i-jifiidi Hull r. 

lxyi U i k~i £ d by the cwiniUj«, Ihe ni»n ■jirinp I* ilmlnta: .ind ilk ircliivipfi 

-llhf are .riliL':il y. Ilir v. jlrr 1.3.01111:11 leieii- li enlrrjriac ill lliL lulf-.-'i Ihki jil 

UimXiiI liri ■ J iid:i - r jn.lr .v pti' 'iLULftMKu-il aid hi. 'V>: il:iI JX Uitlita jfd. In dtrtl uhs.. (.*1 .■■ idr 
til# b»« for E^dkliLV TTi-jidini; I.JinC-liTm fffivi-k -i r.-i 1-r.l- ill lin.i.inhk'h ^plnrv^W full 
i uiL|e --if iiiln mir-iil ■ -iriid-il f. . n f L-. |Hr-J ! lI I', r :■ j .1 1 h .1 1 r.; ' ui I ii_-i :-J .11'fJ i i i l' lj |J |i i edi. I i i i ■; lem - 

rftvdLik v I ■ i lJ ! i ii- j 1 1 - 1 1 1, events Mbboa, ItJ.i jI igenaes ire in .vninenijl m dvVelupire! 

ri ."v. mrillMmi|i . 3 1 1 |r . ! lei” m -. ihil. I - I h. i r .III. . . ". ■ .- r .d I [_^l I fi, li ■liidi-q. .1 nd n man i iiii.i 

Hid miv. da.- hi 1 1 1 1 1: fFjmutlu ever Ivin; period;. TSw- InUming ciMelu-r>b did 

M£VMnm(iuiili>im wHhHS Ihe rued fortivtilnMnl* in hiik dalm oolkdion iiiilnuHiil'onnR. 

kr-, Irpm ■, mkllutifei hlL-jn. in Uni *i i* Vrrjma Hi>« n ui "inn] n nk-i . H-dliilinl 

(rnn'|hir>. , " , pdi.T^iip|iiTL, arndTi!ii#riiH.hu''' E«»n Ip wjtdp*iip| drclinnunH In pwht 

kjiL-iu.-jih Ik-i ii fliiniinilrd. 1 1 1 : l- ■ I LTtii j r ! 1 'I K.k _L 1 1 1 1 1: L .J . - j I ■ |..i !■ Ill I ■z-ri 4 j ■_ 1 1 M . L- . 

■Khwk-.iV fuiiilonkiifid hinilbilgc.i-ind pr-ii-hi-il applinnspnu. lyj;, hx dh'-.ipimg lEw 
ml -. li nvl u rf -i iiiiui.. k'. li’ 1 1 1 '."i B^“. In. ifc-.il.-r-v L 1 1 .-“Tb.--. '■ I ; 1 1 . ■ r L 1 1 ■ . 1 1 .. 1 1 caibi liv p-rii A inp 
and c i.|iuiilnii. mnAdHM , n^ i\ ekiiii mkivini In n «ivi ry.-vnnf Mi, Uiit l- u uiif- umciuk- lix j 
’ urirty nf 

I III- LYHI'^llLWb> nf rtsr piV'rlir r-dfck "rf In |>lri .1 .. Iil.nl v. lip. wjlbf PB-IUrEXS 

mfirrliirin p wU Bid nivciuHh nwkHil. S’lia I m.A" i i k"vi p r-.kl .in;- u : fnk-yini; lli:( :iil- 
li 1 1 -. Ol ItLnWLl war rvMfMXJinl i "! I . - ■■ FI I f :rj I : :■ I d iIk: .1111 rjiL S. n s i:l*LlL--i |Piih]fiiEi 

m- Ihe mnh for imjT'kvimnE-; w fh? /it dim dnla cullwliiin ikTHirki fa imrfjKx 

in ii.! i mi. I pjlhiikIii J : and liii in akr lifinaiid l-n .jLkx ll i- if l- ri.iiif -| : I Ihjl 
uiijin.n ln| dm uEjjldbiliL-i ul dun. on wril a- jii|Hiwing iJm np« .nd ipaaliiyiX'i&jii ^ 1 1 i l -J . 
kJiimLI. i.-.liL-r iIh «hIi fa mmy wnhr riunnw jjnottk 
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10 lfiWPn#Hi' 7*t tfrtt •p/tjwrrJi 

fVOUDI S> | IWWW4T *H Hh*i 1 1 Ki Ii* kKsh \b* 1 1 
Cro-dimnon ••! ilk- Miner EMmxvcrtwiiohcntarfrBi ii Korbd to nuke iielih{r.Riiv 

Ilk ;-iii:iri .ik'iil !l>/ 1 1 1 > ' ii :«l Isii.h irj I ' ; f ■. -J" l:- L'. I : Li . In stiiumitik hJiiplk hIhim n i I I 

3p[rnpriil. b>pw~l k'nnpv.ii: ami l|u piESlIo vr jlh :i oiaWvnl s|rt*Ki' fef in^'lnwm. 

j i i-d I r I _ 1 1 1 1 . iL _ I Ik lar I.c-v-.alj nullli:jujtiiL:v rescind i clTirlb llu! l* ill E:kr]p Ik ikciIziJ "k> Jc-jI 
u-ilh Mure Unfortwiirtelj'. w-ilsr ninrr« mcvdi jcttjw Ihe ftdml hti- tt.m- 

hu tea^i Lunrl', mt-.^i'JiiuiL-J li.s i.- Li.,i - ..f.Ip'iiiJi there hne been per toil ud Iuk 

■ II. ~ipli t-r. wT.Pij;. ip inc.-irip.i».y LV-iHiliriah Iiri iLirT|j lh.il lim: Ths Itith nf Limnlinihim 

J 1 LJ I . ■ I L.-nT*-l I. l! 'ik Tl ■ 1 |||. 1 1 ' Ik 3 1 . |||| -.^in jll III U I ... l|t" ip Jl Jill E ill- t’11 ' a. ! ■ I S*i I |T-J I I k k . J i-tTi 

mMrdh p*TTtfoJ». Thm. iho fr&nl Iiprvhii tn c rnyipe mil thfF mi"kn-Jrii-vn 

rtts ifiA. dime . -I 4ii> u M ih I-Lvex-l-- i-n iimn-itr?. pruhlerm. n nh a limiwd ..inlm* I dr car* 
outling iwiui, ImEfr-lffTn pnrWt-fTii. ind m-iie hi^n- reieroch Ihpl oflen pix-kridifntp™ 

WlUuiih Ai A itiiill 1 a ilia situ Ihjl ihe vail mI mJi- iliiil ivIciiL', fmmUi.-- niL. it In j inih 
. iiT~t 1 1 1 ■ ■ i ' L - 1 ,j . - 1 ' n . . h-4 1 j - iul .It mil prkrilixp. 

Tlx*? PEC lets sj jie- .>1 i-c-cti .Ii x'i h.uilk Ui si i:l.-n InJ JlI .s> llu IdJcml ^.■it^iniih:iil 

Li3*kT rwwHich.niiuhinfin km Lkamp-kikd')mwin ifkdif<h- cv.ipiiriii.; Lu^-wil# 

KMEikli |lld^Tu^. NdnffheltU, the si.Mllilluc Id-Wiliedl tiling I.VUiA lli.il cikmi Jp.: i'l 
di-vti.ir ipi rlfriTiw vJ.-fdfurkfl nf Iwp,‘-’r7lh' IK -.pjivh pfi'-JX'im'- idler V-ipng .ihtsil ptvpK» 
Ihr hl^tvniy resMfiA, .Ttiv.iil u jI muon h, cufbq mice ui d Eule ini re.ap.iixi raeirelLMd glohd 

■'ll in...' Hi -v.in-'t. I". -k - l3iU".H\ "i iili.-.j j 1 1 rsr. asa iktfTiatkj j vs rn-rni.: m k . t-.t rl rT..x i rs" ill . 1 1 .: r 

I eet'.aIjli: i 3 I IE I L IAllii.fi ittliKt I rn JUMP: 1 1 il i 1 1| pn I'jimmp fulktpln^; NstilF-nji. 

» Mpsit ■ rvfiulM" .rf' npltr ro»k.*iip.v' rewajsh irira. inp^ frim ft Jen I »e<iist 

fuf.dhcTlIiKj'.ci 

* ■d'.iniitd. (J&1E1 ind Cinijmlfia llW Litilkin ud ttiitilLT: •it ■ I'tiia 

rk v.dirk tt pi>iry fh™ Ip Em j run 

* ftdvfcirg. Lf'JB jivH t. nniniH «i lh« jtki|i «; j -pf rnKsi.in- Jrm.n ivwh?|i <*' r'-.< 

l-jiki.il j l;--'! k_ i t :■ 

■ ul-1 |. MIX ' ii i III. I Cllll£| Chi -.Tl L". pi i-_S1 1 i r. I-. t llllk .. "l^VJ.ll CEM'JJLfi llldl Ldllld f.i III 

lh( cerp of j ppwrMriHM? jnirt? prnfrim 

* (ii|!ipin/ in t’wlk.il kKKTHnviliw wh 'li*Vk 'iidiiJrj. toI n<Ew rlidtihptdin. u-liidi 

v. f m I il uEdBUUh' I ■ L-l I : Pifilk Lilt secccmi.1 1 -t-s-HiiiE. pimlicu. 

7hi: 1ii>; l!n .-j jlIj. il he- Jii* hIisMeJ In iiiLikE hulk. 1 Uic£ Mitte ih j n iliiiml imcmeJj Tin 
u-Tnir mnn» ivwiish. ihw ■ 1 1 |Vri*. iht iik»i mtcni inf.imi^kn rm i ,r np'. bbI lh>l 

III.' !■ hikii rtc+.np: n 1 1 [It. i.'h Lk : < Ilk-.- k-Li il ay tl Ik [ |C-. tl o-nli , -ulini; ji n EZZS.' an I a I;. nil ■ inI 

jf.'iuti Hk'in< A inns pimGnm (Bw f«inlh letimly) * pihipcwi jp tt imdiipiun for 

lii Irfki.-ki'fli'jii plj’ih bh Mu- rescicdl piinfulki- <1 Liu dll llu I Elisa II Tie^.I i pi ■ ii nl'. ntifijfah ksffiU 

in iwl htiiiE TSdquawly iKfJkssiii Ejy iEw Wcrjl ismtio-- .nM Ip iurfaw itw pnipin ehi of 

li^.4cini IL-Masich Tin:- |n*.jpimi Vi-.-siliJ i ci^imil' IHS*. ii II ii. [I I ikdt .la I _| 1 1 1 ini. f Hvcn fl-u i^iil-jI 
pip. inn.'. I k-arli.r Mr.l jn ( Ii.^.t ^ ilm.lin ; is.mlrl in tinili J mi Lhf iipirr nfjjll I'. - - p»r 
1 1 ' j. i Tiir cwiaiN.il ntLili M ' ■ ini pii» in j Ijn 1 rlfi. k'iii ■. ami 1 3 . 1 1 : ' in ■ ■ nT n nlh'r iiLiliruliwia. 
pnP ’•■^i millh.il pfr i nqr iw mqrc*i rrluli.'# tn rh»lli nai-i bbP rhpnp' In wpior N'T. 
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£arauifw .YraMunr J { 

TTtw# in^lilulioml mrahli Ihil rould ■tWKCfvntiJy carry -pm! Llic hullcud artf-itas lisleJ 
alime lie : L - -. . i i I k 1 1 m 6-. The firxl xn hJ rl re 1 1 -.n xii e ■."-l-f! ml. i ■ Imdk Ill- 

!■■ 1 1 ! it:;: l J .1 _■ l- Oil W lI e i A> . ulaJ-iIilr .iirJ l^xzilir. adminc-ileied 1" Mil- C M! i.l: of Sw-eiKe Hid 

rochnoiDffl- Policy. This- crordtnalKxn aplinn h jUr-Klm^ became nmnBcmcnl^ arc nJrcsdy u 

|< Lilv jikI iiijotk'i utliex :iifcJ r ca pi cne 1 1 Untiei are ■-■. e 1 1 ilelmed H:*i>,eriT 1 1 1 1 -I p I r 1 1 uh 1 1 : c- ■« ct Ee- 
.leiii.co-Ii ale "Jul il t jii Lkr .n’i flleeCi'iO luiui! Eac 1 1 ■. *"i. i nw l»-e ;■ iovl uioBeh ehxomw Iij liiii. niienlii 
needs. Ik socondl «jpli>»n mvdve* Canjsre« iwdnirL'mfi j itemr.il ihirxJ puly no 
petTimii III.* frtiidioEft. :ihiYi: uhii-h yi mild pJiiec llic miliiils ruiczinJi anil ujwr crrmuinilie? on 
equal k-miifi mifc rederil i qirestnidiivov 11 m iiidqKiiikncx 1 Irotu U i c uae ric i «- flj I m de d 

bv iliis option make** f. possible to fociB- *<; ^onipcniiivc \imr-- fmpm n bngeDcemi researcli 

neeili, jsirlieiilarly fill inr. iiui<ivL: i^iut miuiirni -Ti -:lr*_iil v.inlai_*e iK Iliad il m:iy en vi'p.-j.-! 

lu-Te 111 iikiiI IfCtiti lk JL,eiiwi>.v. afid UM 13 HUY he RdUi^Ull In -aIeHis-Ii fiLKh 3 I 1 i i'ili I idVlfii>H 
body. A third option -- a Ito-bnd model thii would he led by OMlL md I'emully iud io iIk 
halyi I pr- veil j : -rr m. nv ■ I e Lillee! iIi'-j.- pl i ii-; I He ruulcr ii n? Terrei I 1e> K firmer ri. ! , .liirf' 

--■■iiii't i/l 1 li L> i>- L-Iv dllf lfc-i Ik Eli LV Opdrtfll. 

’em • in i nl rln rlnvr i ■. Hinli in linn i.phH.wm. Ill hu mfcJr Ni vriirk in ia Hull in 1 pnri, 
KkIi I i : i - :l 1 1 n jl li: md i> .'ji. m i ili-'il in ilLiail in L li..pi r n ■ l lull vnuU lin'd In Hl' 

nvU;liril ii£Jifi3l Nil- klHflk Mini hull Ihil UmIUf ItUH HuLtn[ trl "iWI Ik vlnrih 

yiii* In lb* (n'J. m?ksp: nill (fcwn 'hf Pkdimi’m Ihil mnlv pn«ir «4 

■>j~ J ■ d HL LF-LU |<Lj il i: l ■':■:■ L 1 1 1 I ft 1 1 c-,-. fl j , .v ■ -r ■: 1 1 ! ' 1 1 . u L-i [Hid 1 1 1 l; Il ih I "_r- :■ ! I : I L- [IliI i f.-f i l- '.:-i IJfj 

p.Hij is viiJiltui iis Liiin.n l-i«vei«r. lf ihoy tv p^ssihle- lo pimiL' unplemcH .in^iimn. 
nrhidH in il»(*r «w«W he hi impniv«niinl nw tN 1*11111 qn; Fw fr-Tyf-r MiHinn uT h 

'_mFt|X:hiri t ^|jnLi |YiiLn:oii lni^.ct*j-tJ nl lin'!:~|>n>-i IK l-ul niKjnll'i^J&l niljjFliJ |piicail±:h innH>:i 

icfourort neimid cquU «ok iddet iiiy wit of :l*: hqumu huI m I mu uflht aihtr utnuti 
IHmI ntjuihi 

■nai 


TWrfieiy fnnjV.'H rneuth r^-iyy^ 1 criliral n>lo m utiK’sinc n Hxt re Mums jsmhkm' 

: 1 .1 Hi. [: L.l .j . ji j I i L . : i :J- . I ‘-.‘■I h lii iln.'^l |inil'k:ni ^nkm^imi lur j.'ini.^YTC.'. a. Inuliji i-'i - 1 ni' 
II jJl- - 1 >j i -J i i i l; alwui YI jIl--:lI iIl-J |'li:ini;-:iu H :.n-. I. lit-- uLihkid III: luli-m "n «iuM Mil 

pudKlii'ilY of ih u-WdriwuKL^ unJ a.J.liii.mil re^iFL'h can Im ity-Klri to inmiK4 thal 

I . 1 1 . ilv c s cn iiktl ! .■ ' i n li^kiI Of >n|r- i Inn; fiilmL' pi!|!ulilnni jn.l dluthittia: tn 1 1 LLlh 
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■ ■‘.i r-j.-rh I l-X ■ a s u.l '.Sv-.aia-^^jHA uqwuHri 
■Jd.- ire- -f "V-ar IW Ice! n-.T-n >>ni bt-ul'icb fr-.'J tc- 
iifi h II liMv «J 2 fTMurpiii iti u tCdrjnAnif.cn an 
■.+1 j 1 ma ci 4 tiAlh ab-r-iJ' fhn ■> fcs-'ltch JrriT 
•iiv^rf] rijM. jbirjl pncnoa moudoiYn pr»- 

>.l kj ' 1 l aiiJ piH -ft irilir iinhn ■ «Niw drift iri 
lr ctit •! v rt v irni>rriYi 

'.VacJ’hr i'ri n-a Kif-lud cjYfVLuil ifcfjra run 
>11 Ira ■' -i in mil dtpni "a ¥-k£ crep d bciiiiuh^H 
ucd k>J ukca 11 u t-cnfl gn-v r Com gcrculh ua 
kin-aLiKi M 11 Tinhcnm- 11 Ike I’-xif". r»i M l»!hi 
Kami, hu ■ Jw io'jk ■ inc ir, *k- S>nhcm aa-J 
SnAhtm Fliiw Tle»*$iw. Pmwfi :»iKtong ntm 
••■vtKirj lc-crm Aral rKnJ nrc taIci ;n im pe- 
-jbm «* iJ I r.-.-v k.m +1 ti nh*r\M *tt#*JriF h 
-jiinka. Ifecr-r r: nar ■JFKrrli litre ra c^inurg 
iu »viiLas iTfuu-ir hkilialiT^c-» >111 u.s 
inniLtp 

.'u> ’J-r.i mp-iriYri aBuhdbntacfi u h-iA 

J'H 'flcI r+!>JXik.H ippgjri O-r-V IV C A pi 1 n '41 tf 

qr>nirju irj.- ^jfii ihdi curcnh- ■ rif p-rri 
Ink.- v'-jJui' . 1 r *|ji 1^ fo-yi hfrjL 

opccaliy ill- -kv v-aicm ncn. kaj iv r®*-i re- 
ad i.- l h.T^iKJh iilra buim uu 

T be rcpil,A. , 'TK:xMin l-U? ii Iks r>~»J 5 fa 
I i 1 VhUi mvairid ^Eri^iriral r-rrsbihirr Eii 
nuJaeb v il tr* ibn i|pn^i»tr«il- v 

jil)JVj. vicv ■< rr.'j£i mi llinivK, thau in 
fckdr 1,1 kt tv’iAi ii 'igP'Ti ipJ I j npnU 
when v. i:-.t icrtiL'ci ire ibciilv kitclk-J 
|V|ViM|b| .'H « M dlAf# HI HVWLt u^WT Hr 
cr-pi re pi'»ra iad ■wfccLKT lace 1* n itcicik 
ft .-■.rriM ln.11 lirii I pr wM#fc ipiBlc-AfF 
Ksckiili-ii rd'hN'udj jricorlm caI: ciL&r 

Tiih fjri JloT EiJriri I .^L.liri (Tr/lkrria It. 1 Jlri 

■.Tcrorfj -c^crrmni 


IPi»t 4 Sj- i*i v i^j !.-ry 1 ‘aii-. r i 1 ■ 

*,'J h-riUsi r^.illlr<. 'vaplfl-.' r.4lr.- If- C*riTrtrin 
febjbjyiuii nncnifa xir fid Hr imii-if^ikT 
riA 4 d n ikri hmiriif^ r r > ■ ■ '-'i -■ n.'-ctai ■.■riTfu/iJ .av 
ir/ mIit mol fCr gjiw ng I hr pkrtta ivr«.! k« |i««-Ja-.v 

dhJTJ'k hrTiltlTe, briCIU.' h'UC LBri II ha'-r-ahriix l£ 
iUMiriKd 11K' 1 -Mallei «ci.. ib dTcrla «.^nbr vJ«- 
-i ci: j| IceilAi A h'-ivIn-.Tr ifeai pnr-LhJca ILU m- 

kfi ijftfri ar«ls>il f«c E<sb*flf«ie. y «-W 

jjc 'Jw-r-^jrr-rEBi ii h-c mlci aepH* iara RThai rl' 
JiirJi If F Ibab j| |-ri-i>Jauurri Jtfri r» 

nj l>- raD 3 rpciilrm vda nrhiclry nil KM--ircixlPH 
IkAcUr-iii Ti .'fid I !■'■ N iXITriM riMT^)' h+iJfl 

inbrrf ‘■'Jr uk 

I npArjiv-Jim Tr.r ‘IVaAprfjimlllv 

Hiliiiri AfTxUuiV. pnaicriri b'i uciiq^m 
tpk hr-fuH tiL^q v-il npufi via «j-j i ih- u '■ d I 
d'j br |uiuy I'r-TA-BTiiB^ pu»i iir v-wilnU 
rt) 1, “irfriHiB 8 f ■ ninf+r. th|> rAP.eilylr pJjkni 
luciixiJ mu ivTiila’ci rn:ll nl uJ erruMi 

I'WrtKr P.^iu>k 

F>jr nn!.%ripL il a ^ jurk 1 lI -^ r p.ii I n e I pK- 

-BCri ICMi l.VTI luUI U ni»|D ITal r+J -I pi .■- 

•ex « kne'-l m |"rJii pJo. i-htb ikIiac 

nJ ickc 11c iuCL d:«wer. uc-e l I-j-ti i-ni j -. un ivjib 

■w k-Jes-iir^iiKrf -mT*bi »r^p« ^iPf F*r 

■cute pie ciccai lir-Tgcn pvukiq Lnir-Lhr- ktuDipi 
Rhif k t flit a infH i cririW- .-fiNiniiif^j trenyd. 
■>Jnd sjk n Ihc Uilfid'^tc.cED, ir.vhfi nanac 
Li ri carn'ri. -ir.i vc, 

UhlTcinl u-t* i^cjic JlTacrl inruii pT 
lnlia.n Cm. mein: Lhn cmi he xLdd 1 1 - ;■ 1 n r/r-: 

R-ikn p pjM 1 1* > h n 1 p. * I - i « ■ ji ■. 1 1 1 ^ ■ r r: n ■ h 


l.lr- 

FainJriifrcL 

uummmw.nm 

Fjhnr-I 

C^m 

■ 


|||| Nir I. T J .I. IW 

C.-tfM tU^V 


CAJk 

ftj pvJkiihi InrJaccn- 
SXJIrH pkN nrUbdAl 


SrAiwuiii! 





UU..IIIL.I1TW ■ 

ICdiiET | 

| ftfci rm-JujE-r. [ 


n-El'liidJCH LI 3 pmlxlicv nl' cU'faon hrpa c4 bhxuck 
BCXrRiTE IT.3 CQflpW4s«AJ P.^l 













140 


Oi’lCTllli3Dn 13-1 |ir-1Kli11 LV r LI ■ I 

OfMr rfc*i wagy jav jjpiirt! in 

ifci-ljcl let Lie i^iciiial tisfaci 
crcpi. He jTWH .^.i- »>«. nut* 
■jfl-di I'etU i itiI ar-li: 4> |jor 
ImlHC he 5j iuil Her ■■■# ^-T 

axn?. iiiiril aii-idir-rl riii’pi m 
■ Hull rililM'i >.4 lie HbLftU 
.Vil ftKxpIvmrjicTl Irr ran- 
btaml dClmH .All cl-cbnf opal. 

.i.HT-wir* tfiw (iyjpf tfrim-f nt 

pkiU b-niTi wil fckdf kid liti 

npwh H*]wr «i rrtwflr 

iiiiE^ai 

|r,v*rinr inn bi ran 
i m ibj cai irr pnclEci lib tan 

fcnprowfie efTkiwiy Mrferil- 

wit a^fucriJMi aai h-=rr Lin it 
■wd by [Jink F a ismpH. wen 
aahHEEi it brixrfcmkw Iwc 
UEinscdfidib 'jf trail pra trail tf 
i ad mmfttin ul|tar«^irmH 

Jflf JfrPfiM >A-iJ 



Kvaiiing] i-^ iLriiml Ltxn. l i r-a i 1 1 K- - i 2E«r~i urd iluir Maraud iiial >i rrr 

IlknUHttd >nlltEiiikiirilHiULk|jiS 3 >>j fllr IiiIcJ 3 I 4 c» v 4 W 9 d 
u«r n Year 2i«'"i SffliMjCTJ n V.ar.1 :: 5 '.'Iwl.MirsI Slivi^. 


ScisiciUizi: cccun prim 
aril nu^n K?0ii'i I -ad wJ ^ k^i »!■■■■ af- it 
Wimcr trdlEa .vcdmnr ■ tir? ar ca b if r cuJiv ici rita 

apritikUll -ipJ --J m h"-lhi -.!^ II rr BMUI Of 

■alarm! n-'ini fT«i ren r l J ml Ban ~i chmrztr 

rdliTdJlc l4fpii«f ditairtr rJrt 

k-Tf-^ IT Itw-M-Mim Ff-T-F-IBlfrY. IT.-ft-if ,-fcrwrr 

a > ccks Sp.-ii iiwnifi Sekh ini ■ cun Lira bora 
fim rr* -ir v. 1 V 1 1 ■ r«> 

tlpc ef die if-r+J li.dr vraKv-’f iP.irranJ 
ctvi- 131 n i hr lEirunTi aw he wiAffvwri -aT brcM 
:j -. i 1 1 li t 3JJS UqivjiETl -.'i .IrKiilin'^ lukaitanr 

rv>M4fi.M|4i itran *. - Proem? *•< i- hi incrc-n^ a 
rns J hanudiral F-rixkirtim lie pn Bin pahs 
f-WTT-31 ir. H -..Cn" HKHTIMllll PffihWW tlqftlly 
□nLi'k xitbbc Inirinr prams. v iktilc p bar ri ax 
litew, flhci riJ'ipra. ail i f cairai balTn-- -nil pir* - kIcv 
■ irai-’fdrr ^■i-Jiai r r-a 1 rit-miiiii tranec- 

Picdw-jy hitfbtla IVcaii ftrrtiial Mp« fri 
hold a ail and rairEirii ra place nl rrrp tax kwra 
GmlliOf Dd pn^P.iJr lipU]. Ike- ■utaltftv*. I- 1 .v ■ 


iR**pdpg Wr *lrr | mpat-ia Ihrnuji Xijrirui- 

ibril rri^ikcn. 

nicrc re fuiT qrkiil'dral i-rtli:-:- sril ic<t> 
rptr.^^ An >:i« fihdikiiihut. ini-sk hk V 

■jHi k 'e-:1i: bi j npatv -m v mr utirrci Hue 
!HtV)4lF!§jH VWlET.' CiViWf%^ aiji 

immui Icriaii-fjD 1 . cii-i.n prcraiim Icctiufjc-. 
IciIiL'b- dfitEiP-ji Inin 'f ni|.rR imi ^3illI- 
itaa nub lhai iaia iba Efaaa a ■ - l i I k tnl |TI 
ii mMibt. iaiJ L<tixn iincrauro. Nuili |a xli:ea Oaa have 
a kri c , pm-nra ■.-* «nv r m rxn mi aifijri 

WiIIh e L-Jief i->.Mv:iil ii inlxiy »oJa icp! ii 

rift^r #>1 IniJqft *»l +r-:- ^ diiJ** * 

laaii-ra -/J! Ic-.laaipm lir irai-c amiepnbn d ar -41 
iivIib-. .n rla -j^| u#i>r t , TWh«« n *|r« 

I n 'i 1 -- !i I T ■’ Jert. u4ic iraiic iiqlic-. bbpe »t 
ttiffr hw ft* pn«lPP*ji | Ji- , i irropnfhhm 
11 k r-l du it -tci I.-te-bti 1,1 wlo: ia 1+1 irra lie -x-dka 
&4 CuU Ir FI ei ti* ichj a’l.-.n rfa-jp UiFtai Uotiil'M 
’.T<lcd caJcd lie cr-rri d.--*.n llnndtral endEps- 


Irai. -MlkM.v sr^mpi pafyniku^. 4 
L-.i inbi.ir^ Jii: 1 didn 1 4 a din.- sf liiufiid ersf p 
T hWiPPi iwwrfvir. | -cap in-RriiniK «vr--hra.lrg 
lirp’D^kidim ultrikihilc rtuii.-l liuii uli uqi. 
cjrii cTY^H-hava tfn lailf hiairf r/cai an ^n^-uili 
nilrrdim. Tlcrrlm. eyet ra-i: Tl-4111 bi.-q -Lch u 
if iki’^m bffui !-ni.*i*r mt. krp«L 

•ra a-ail irc-t m bkI nrn r* oaL nckk > prr1maiB>'. 


icK *PN It Crli4 ''*4ii Uif'id t-K IbV-lif. 

cm -an et s ai die ixida aii mih 1 mhxE p_m tm-ira. 

Kn I'l’3p.> liuhfciiki allun 

the >rdci aq-li^raa -4 l-ir-iud- Fii-kinirvi 
BE | .!ii|,’k\ ’illituk.^1 iiuiln. aid mil van fi<^ 
by 11 cjiTQ In EtTcnl :n i 4 i r.t r eiy^kiIeiI rnj.irc k‘a 



141 


iiryiVv. Irci fnlilita inJpzMjchln ir J p-" iii. - 
bffllM HLdJWl prOMSMi Adi IfcdV ITDdM J. J An 
DVCiIWi W 1 KT klipa^H- HlnlcfPV. pAliJ Jv+dpjrh 
iJvj HKfc fliLy -4 - l in 1 1 

jwatt™ (npw «i >tw [ttcefipn rt »■■«( r 
kanum it liv .vnr.ua I ■ i ianrtjak 

”ti.- r-. |'- ri diMilwi imm 1 1>- 1 Ji- f- Sir 
tiJTvm pilfvc-rnruai .vU n k 1 . uirnc inpinn 
um-j.itiaiMrj ii^ I J 7 J--.- p-!l lv r,-v . evei n Jute-, art 
ev.dmiE a f -oc i I t pH i Tf -zpl mu t-r rrJ. ■: it :c-:- jn- 
nmlr-rm naipclicxa La he n^bnatnl 

■! Jir^rTii 1 ^Wi'T /'/ami'WivJli 

.h: it inalK - npciiua ■;! : :i n rlh.ji -I 
[rotkiclin ■■ >.n lirpul >r» n ■ I vcm lu j 
bwn Jrn cn l r i siirsiiY jjft I F.-_ra fn tan ctiwil 
IbXNvIpti mupJtil v-iia kjf¥ Lira jiilo iifJ IhjK 
OJ pfttti Thcve f-dkki hilt t*rfl U^dcCi li 
limp- cneyv p-tttuny j.id prariftAg tttan- 
i-«ijrr» ->jy nr> ^ fw jm.Mih Swj ir* ite puttoi 
r«ilwy p-rii ¥*Nli Ifwiy r«j*l n tfw mwiiwJ 
Itwrf -Tf *ip«pua*! nr mvfrtasd dNr.il ppdw 
i|nn iir v ji hj -Cm fpnqrfrui n| njxa e rax .1 a ri 
■3haxv:l [TIC-*£ UpfV.£TTBX£Ckl hn LtK luhuj A - 

i~ LLLk’. r i ■ .‘ViiLTI ' -1 .1,1^1 . VT. 

Aahi-d'ud product 1 m op auk mi udn rsl- 
il|3 | i a rv. vic-s ih-.T-.- im ± real ■■if-pniixnlY it shape 
pa I k'jti ra iJk 3 i cv. 1 tjc-.ia va - c Ir.v-J ji> v ale: 
me iKi gmalv i ra paj. 1 j To m-jiT-kiTid ■ ged uf 
soJherip; wikx arpHKla cfhc^xb. m pulftnr Irhlpr 
Viill liLd> tar rcEifrJ I" etf. || ubfy i pi mb. ’ ll uf nrn 

inln F-fo LliJ. lirtd-'jp belli UiiiliLTiil 11 U id- 

I id , r fi c < 3 dfi hr+uJaii jras “ i>.i MfJ fn lili-a.i (U>J 
Mt T'-qYi-.-ViJ n:-J fid prod* iF-f 

Pd toy ■fJi.fc- Uw ooiIH Nip rr>y*«i mwf 
ruxiw vdikk 


- ■i l ‘!‘jSi ■■ k« »-li I n : *r imj.s t., 1 * ■: - 

rl: |» :^iu! , .i«ii u*f hhSiV nSs- : ■ j fc. h 1 ! I>: Tti fftMt 
f tgirditf ■.»i. i d , dJ uh. f-srcsaarJe. 
pdT'i rrf-wK':- uhocv* w iJd N ditvd opeJ -ft*i 
erc'yjpiiJt pr>?difcm>i rwyfKng 

!■ rtiir.V pJara^ .u>J U^em gi Jak-p mpfifw*! 
nnpiiffii«hn(ik|y 

■ i“i's**i i 3 r.*: ru mAun^i i*i«.t eysieirtifnei ^icrtn. 
Vernal coming p'- cr/an*. prm 1 zc nceran ei 

In lairivTa ^KdEiliy In irapn nJ ru r kti 1 
rron^onrsi. Im c.ucai'Jc h i>J-ii I f: n b— 
Irllirfi u arcnl WHialh- in iKdln ca lie afm- 
ns In nr^ijr n piaclKm !■■ r-.-J l-. t >>il niQiim 
QieiIs aifalcnmlalpjG ef ■im.iiltiil L*sl pile- 
iMTtm -ukJ I f.- 1 « imifaih l 1 ioJlf.t K<iJS 
iflalMV irrpA's 

■ ftrtcws M-MHfliriW 

, r ii*c^; li is IMto dw Hlhjkiuo 

hd.-.fui|A u in htv# iw mp **! 111 'iwl-jy 
r*T U1F j.Jirti || ihjfntivL. II -Aiidi N 

priakre. K-«aerajiua 'iie iruiuii-r-n Imn c-nti 
fcihjrp 1 1 in iki uu aerwr. a: ■ -n fit airlu-aLi I he 
esjLiv ieJ 1 ri c r j rrr ;l" ri ^r ifj il jv p'a+verra 
|p;rs tKlucta Viill x pirtuiLv lLti cr h. irr 
cminiaa uiikr w bi c h Ire c-:l Iuhnac biriuch 
irtbidrf dci dt^q 

If ^iirnlcii lilirc iiccGn in im -4 e.in lia 
■rili if -I fp.-Iljc If-ii ibi lk»J 1. lie ncinvr in bum 
v ilsi -jlhIiN muld t<- EMDiibn-i'k' In aiUAiLn 
^aA9h3n (f o.nli p|i'-ju.liiiri <:fi lii-ik- l-dli Lf C11F1 
f f. ‘e-r-A k’-frjs ■?rhC' 4 h rUQTiMrB- Biftl ttdlHtfliS J: b 
vrHrly impiruni i.o pure#* ih-Jiewa 1N1 pid^w ir 
r>r*y-T-* pi tiiiJ hoij Eif nyinrri^. i w wid i i. 

■jd v/ju*rv.ai.v. Inm a. w.dar .71 u- 

up. penpeelnv. mowGridAqi eiir.c^n c v..v> r arJ 
prrer« ih^ crauvinnr-k: v.iirit: ■!■..■; N u 11 ” :i/m 

ikr-IrwJ rjuki;. ai ci_ tccniicii 


I -imnniM Vi jii r tlmfilkstil-iM ■■! Ilkluita I^eJikeIui la lit* I r.i 1 ■ ■ I nibi: .(■ ull I . '•rlaiLur, 11 ‘Lir,*, 

Ltin-aEJi .‘I I ■■< 1 livj.i i. |t Ultu C . Ltacrlifi I II Cu'Jia.' I nriMiih Ihn t-jilekk^N Mbq)j..ijmii Ln- 
diWi df Thchnc 4 -:-p' ixin rd A. iMcr Icai AJbkl Cncvamny. IbtHlHf I. I IuEbt, Candl UncPimny, fk 
IJj'hJ iilnan ■ r j «T 3 □ r*.- ■ \ I iirc> k*. hi. ! ul H-lluir, S I c-qjn i.xWi r-vBE*ir.i and Sancy ILuiU Irma n 
I iJiwarmri.-aVi 1 nr «L^ 1 jlvt I KdimJ Ion ..+i L'liunl 

TUI*- rtfon hrh-r “m n *• v«iMnii E^ rw .r.i -t.-.wi. ii ■■■ 4 N-<rfirsmittd^L 

For Jai-re iLf'fimiiMfi if cEfilek (Me WaKf Zattit id levli7:>br^ *{2152) 3JJ-3 JC2 >« ¥«i 
Nip J n-»*;«iF>.ii*J«rii« «irj. •* -*4 b C-t« *Tf li; ivr-^«v4£YnMf ^fAb 4 iMj r^* L^uirf w 

mUbhi rhm 4w NahiiI AfJri*fiJ«-Prw. 5TO Fitti Suwi. pw. ’DMmficn. P C 2W»L<HW3idi J 
^'Art'i «bi Sappin Mr*i! fi*dy <*« pfmidd* N- ibe^lfTin tfn RanAim. Wi w®- K«^!>lw«Tfi N«i«m| 
Sfii rivjr> r.iu-.Lv=.vi. 1 1 S I rv. r -rn-^ir.. IV -lirr.-n .^erfv. ar.l ih. Mviiviil <~ruacil IIet Uni 

PinHuiiM g^iUiA/M .‘inidLi r L.hi< btfiiy in ip vm'rn kill *«■ alAnw ■v‘durai?iMJt. 


> 31 IT IS. VjiiliijI i.ijJiifri nrKdcnr#L 




142 


Safe Water From Every Tap: Improving Water Service to Small Communities 
http ://www. nap. edu/catalog/529 1.html 


Safe Water 

From Every Tap 


Improving Water Service 
to Small Cornmun itieo 


Committee on Small Water Supply Systems 
Water Science and Technology Board 
Commission on Geosciences, Environment, and Resources 
National Research Council 


NATIONAL ACADEMY PRESS 
Washington, D.C. 1997 


Copyright © National Academy of Sciences. All rights reserved. 



143 


Safe Water From Every Tap: Improving Water Service to Small Communities 
http://www.nap.edu/catalog/5291.html 


NATIONAL ACADEMY PRESS • 2101 Constitution Avenue, NW • Washington, DC 20418 

NOTICE: The project that is the subject of this report was approved by the Governing Board of the 
National Research Council, whose members are drawn from the councils of the National Academy of 
Sciences, the National Academy of Engineering, and the Institute of Medicine. The members of the 
committee responsible for the report were chosen for their special competences and with regard for 
appropriate balance. 

This report has been reviewed by a group other than the authors according to procedures 
approved by a Report Review Committee consisting of members of the National Academy of Sci- 
ences, the National Academy of Engineering, and the Institute of Medicine. 


Support, for this project was provided by the U.S. Environmental Protection Agency. 

Library of Congress Catalog Card Number 96-70443 
International Standard Book Number 0-309-05 5 27 -X 

Safe Water From Every Tap: Improving Water Service to Small Communities is available from the 
National Academy Press, 2101 Constitution Avenue, NW, Lockbox 285, Washington, DC 20055 (1- 
800- 624-6242 ; http ://w w w . nap.cd u ) . 

Cover ail by Y. David Chung. Chung is a graduate of the Corcoran School of Art in Washington, 
D.C. lie has exhibited his work throughout the country, including the Whitney Museum in New 
York, the Washington Project for the Arts in Washington, D.C., and the Williams College Museum of 
Art in Williamstown, Massachusetts. 

Copyright 1997 by the National Academy of Sciences. All rights reserved. 

Printed in the United States of America 


Copyright © National Academy of Sciences. All rights reserved. 



144 


Safe Water From Every Tap: Improving Water Service to Small Communities 
http://www.nap.edu/catalog/5291.html 


COMMITTEE ON SMALL WATER SUPPLY SYSTEMS 

VERNON L. SNOEYINK, Chair , University of Illinois, Urbana-Champaign 
GUNTHER F. CRAUN, Craun and Associates, Staunton, Virginia 
STEPHEN E. HIMMELL, Consumers Illinois Water Company, Kankakee, 
Illinois 

CAROL R. JAMES, C. R. James and Associates, Consulting Engineers, 
Oakland, California 

DENNIS D. JURANEK, National Center for Infectious Diseases, Atlanta, 
Georgia 

GARY S. LOGSDON, Black & Veatch, Cincinnati, Ohio 
FREDERICK A. MARROCCO, Department of Environmental Protection, 
Harrisburg, Pennsylvania 

JOHN M. MAXWELL, Economic and Engineering Services, Olympia, 
Washington 

DANIEL A. OKUN, University of North Carolina, Chapel Hill 
DAVID R, SIBURG, Kitsap Public Utility District, Poulsbo, Washington 
VELMA M. SMITH, Friends of the Earth, Washington, D.C. 

AMY K. ZANDER, Clarkson University, Potsdam, New York 

Liaison from the Water Science and Technology Board 

CAROLYN H. OLSEN, Brown and Caldwell, Pleasant Hill, California 

National Research Council Staff 

JACQUELINE A. MACDONALD, Study Director 
ETAN Z, GUMERMAN, Research Associate 
ANITA A. HALL, Senior Project Assistant 
DAVID DOBBS, Editor 


Copyright © National Academy of Sciences. All rights reserved. 



145 


Safe Water From Every Tap: Improving Water Service to Small Communities 
http://www.nap.edu/catalog/5291.html 


WATER SCIENCE AND TECHNOLOGY BOARD 

DAVID L. FREY BERG, Chair, Stanford University, Stanford, California 
BRUCE E. RITTMANN, Vice Chair , Northwestern University, Evanston, 
Illinois 

LINDA M. ABRIOLA, University of Michigan, Ann Arbor 
PATRICK L, BREZONIK, Water Resources Research Center, St. Paul, 
Minnesota 

JOHN BRISCOE, The World Bank, Washington, D.C. 

WILLIAM M. EICHBAUM, The World Wildlife Fund, Washington, D.C. 
WILFORD R. GARDNER, University of California, Berkeley 
THOMAS M. HELLMAN, Bristol-Myers Squibb Company, New York, New 
York 

CAROL A. JOHNSTON, University of Minnesota, Duluth 
WILLIAM M. LEWIS, JR., University of Colorado, Boulder 
JOHN W. MORRIS, J. W. Morris Ltd., Arlington, Virginia 
CAROL Y r N H. OLSEN, Brown and Caldwell, Pleasant Hill, California 
CHARLES R. O’MELIA, The Johns Hopkins University, Baltimore, Maryland 
REBECCA T. PARKIN, American Public Health Association, Washington, 
D.C. 

IGNACIO RODRIGUEZ- ITURBE, Texas A&M University, College Station 
FRANK W. SCHWARTZ, Ohio State University, Columbus 
HENRY J. VAUX, JR., University of California, Riverside 

Staff 

STEPHEN D. PARKER, Director 
SHEILA D. DAVID, Senior Staff Officer 
CHRIS ELFRING, Senior Staff Officer 
JACQUELINE A. MACDONALD, Senior Staff Officer 
GARY D. KRAUSS, Staff Officer 
M. JEANNE AQUILINO, Administrative Associate 
ETAN Z. GUMERMAN, Research Associate 
ANGELA F. BRUBAKER, Research Assistant 
ANITA A, HALL, Administrative Assistant 

MARY BETH MORRIS, Senior Project Assistant (through July 1996) 

ELLEN de GUZMAN, Project Assistant 


Copyright © National Academy of Sciences. All rights reserved. 



146 


Safe Water From Every Tap: Improving Water Service to Small Communities 
http://www.nap.edu/catalog/5291.html 


COMMISSION ON GEOSCIENCES, ENVIRONMENT, 

AND RESOURCES 

M. GORDON WOLMAN, Chair, The Johns Hopkins University, Baltimore, 
Maryland 

PATRICK R. ATKINS, Aluminum Company of America, Pittsburgh, 
Pennsylvania 

JAMES P. BRUCE, Canadian Climate Program Board, Ottawa, Canada 
WILLIAM L. FISHER, University of Texas, Austin 
JERRY F. FRANKLIN, University of Washington, Seattle 
GEORGE M. HORNBERGER, University of Virginia, Charlottesville 
DEBRA S. KNOPMAN, Progressive Foundation, Washington, D.C. 

PERRY L. MCCARTY, Stanford University, Stanford, California 
JUDITH E. MCDOWELL, Woods Hole Oceanographic Institution, 
Massachusetts 

S. GEORGE PHILANDER, Princeton University, Princeton, New Jersey 
RAYMOND A. PRICE, Queen’s University at Kingston, Ontario 
THOMAS C. SCHELLING, University of Maryland, College Park 
ELLEN K. SILBERGELD, Environmental Defense Fund, Washington, D.C. 
STEVEN M, STANLEY, The Johns Hopkins University, Baltimore, Maryland 
VICTORIA J. TSCHINKEL, Landers and Parsons, Tallahassee, Florida 

Staff 

STEPHEN RATTIEN, Executive Director 
STEPHEN D. PARKER, Associate Executive Director 
MORGAN GOPNIK, Assistant Executive Director 
GREGORY H. SYMMES, Reports Officer 
JAMES E. MALLORY, Administrative Officer 
SANDRA S. FITZPATRICK, Administrative Associate 
SUSAN E. SHERWIN, Project Assistant 


Copyright © National Academy of Sciences. All rights reserved. 



147 


Safe Water From Every Tap: Improving Water Service to Small Communities 
http://www.nap.edu/catalog/5291.html 


x 


Technologies for Systems with Surface Water Sources, 99 
Centralized Operation Through Automation and Remote 
Monitoring and Control, 114 
Options Other Than Centralized Treatment, 1 1 6 
Conclusions, 127 
References, 129 

4 Evaluating Technologies for Small Systems 

Current Requirements for Pilot Testing, 133 
Establishing a Third-Party Certification Program, 134 
Protocols for Technology Testing: Principles, 136 
Technology-Specific Testing Requirements, 137 
Matching Operator Skill to Equipment Complexity, 147 
Centralizing Data Collection, 148 
Conclusions, 149 
Recommendations, 150 
References, 152 

5 Ensuring Small Water System Sustainability 

What Is Sustainable?, 153 

Regulatory Options for Promoting Sustainability, 155 

Public Health Performance Appraisals, 158 

Other Nonproliferation Tools, 166 

Utility Options for Improving Sustainability, 167 

Implementing Changes to Promote Sustainability, 1 83 

Conclusions, 184 

Recommendations, 185 

References, 186 

6 Training Operators for Small Systems 

Limitations of Existing Training Programs, 188 

Proposed Improvements for Training Programs, 193 

Implementation, 201 

Conclusions, 203 

Recommendations, 204 

References, 204 

Appendix: Biographical Sketches of Committee Members and Staff 
Index 


CONTENTS 


132 


153 


187 


205 

211 


Copyright © National Academy of Sciences. All rights reserved. 



148 


Safe Water From Every Tap: Improving Water Service to Small Communities 
http://www.nap.edu/catalog/5291.html 


Executive Summary 


U.S. citizens generally expect to be able to drink their tap water with mini- 
mal health risk. While the quality of U.S. drinking water is superior to that in 
many parts of the world, not all U.S. citizens are receiving the same quality of 
water service. For example, during one recent 27-month period, 23.5 percent of 
U.S. community water systems violated safe drinking water standards one or 
more times for microbes that indicate the possible presence of bacteria, viruses, 
or parasites associated with human illnesses. Nearly 600 waterborne disease 
outbreaks have been reported in the past two decades. 

Meeting drinking water standards is most difficult for water systems in small 
communities. Small communities often cannot afford the equipment and quali- 
fied operators necessary to ensure compliance with safe drinking water standards. 
Increases in both the number of drinking water regulations and the number of 
small community water systems over the past three decades have compounded 
the problem of providing safe drinking water to small communities. For ex- 
ample, the number of water systems serving 500 or fewer people increased seven- 
fold, from 5,000 to more than 35,000, between 1963 and 1993; the number of 
systems serving 501 to 10,000 people increased by more than 60 percent. Over 
this same time period, the number of contaminants regulated by federal drinking 
water standards increased from fewer than 20 to more than 100. 

This report focuses on how to provide safe drinking water to small commu- 
nities. It discusses technologies for small water systems, how to streamline pilot 
testing of these technologies to make them more affordable, financing and man- 
agement of small systems to ensure their sustainability, and training of small 
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2 SAFE WATER FROM EVERY TAP 

system operators. The report was written by the National Research Council’s 
Committee on Small Water Supply Systems. The committee was appointed in 
1 994 at the request of the U.S. Environmental Protection Agency (EPA) to study 
the problem of providing water service to small communities. Its membership 
consisted of 12 experts in water treatment, utility management, finance, and 
public health. 

As discussed in this report, the solution to the problem of providing safe 
drinking water to small communities has three elements, each equally important: 
(1) providing affordable water treatment technologies, (2) creating the institu- 
tional structure necessary to ensure the financial stability of water systems, and 
(3) improving programs to train small system operators in all aspects of water 
system maintenance and management. 

STATUS OF SMALL SYSTEMS 

More than 54,000 small water systems (defined for this report as those serv- 
ing 10,000 or fewer people) provide drinking water to approximately 20 percent 
of the U.S. population. Sixty-six percent of these systems serve communities 
with populations of 500 or fewer. 

While some small communities are in wealthy areas, most small communi- 
ties have difficulty raising the capital needed to upgrade their water systems and 
the revenue needed for day-to-day water system operation and maintenance. In 
extreme cases, these small communities can lack water service altogether. For 
example, as of 1990, more than 1.1 million U.S. households lacked plumbing. 

Capital and adequate operating revenue are most difficult to obtain for small 
communities in nonmetropolitan areas. Average incomes in the smallest of these 
communities are one- third lower than incomes in larger, metropolitan areas. 
Unemployment rates can be more than 50 percent higher than those in metropoli- 
tan areas. Lenders arc often unwilling to provide loans to rural communities 
because of the small profits generated by these loans. Whether a small system is 
located in a rural area or a metropolitan one, it will lack the economies of scale of 
larger communities in providing water service; per-person costs for water service 
must be higher in small communities than in larger ones to provide the same level 
of service because the costs are spread over a smaller population. 

Small communities that lack adequate revenue for water treatment and distri- 
bution can have difficulty complying with the Safe Drinking Water Act. For 
example, systems serving fewer than 500 people violate drinking water standards 
for microbes and chemicals more than twice as often as those serving larger 
communities. Such violations leave these communities vulnerable to outbreaks 
of waterborne illness. In addition, the large number of violations in small com- 
munities poses a serious management problem for the state regulatory agencies 
responsible for implementing the Safe Drinking Water Act. 


Copyright © National Academy of Sciences. All rights reserved. 



150 


Safe Water From Every Tap: Improving Water Service to Small Communities 
http://www.nap.edu/catalog/5291.html 

EXECUTIVE SUMMARY 3 

EVALUATING TECHNOLOGIES FOR SMALL SYSTEMS 

Before looking to technological answers to water quality problems, small 
water supply systems should exhaust other available alternatives for improving 
water quality. One option is to find a higher-quality source water, such as by 
switching from surface water to ground water or relocating a well to a cleaner 
aquifer. In general, ground water sources are a better choice for small water 
systems than surface water sources because they are less turbid and have lower 
concentrations of microbiological contaminants than surface water. A second, 
nontechnical option for improving small system water quality is to purchase 
treated water from a nearby utility. Such options arc often more cost effective 
than attempting to remove contaminants from a poor-quality source water. 

When other options are not available and small systems must turn to water 
treatment processes in order to provide water that meets the requirements of the 
Safe Drinking Water Act, they may have difficulty raising revenue for capital 
improvements. One option available for reducing the costs of water treatment for 
these communities is the use of preengineered “package plants.” Package plants 
are off-the-shelf units that group elements of the treatment process, such as 
chemical feeders, mixers, flocculators, sedimentation basins, and filters, in a 
compact assembly. Package plants do not eliminate the need for an engineer to 
design the specifics of the on-siLe application of water treatment equipment. 
Nevertheless, because package systems use standard designs and factory-built 
treatment units that are sized, assembled, and delivered to the customer instead of 
being custom built on site, such systems have the potential to significantly reduce 
the engineering and construction costs associated with a new water treatment 
system. 

Site-specific pilot testing requirements can significantly increase the costs of 
package water treatment plants, partially offsetting the cost savings these systems 
offer. State regulators often require pilot tests of all new treatment systems other 
than chlorinators. Often package plants must be evaluated over and over again 
for source waters having similar quality but located in different communities. 
Pilot tests can last anywhere from several weeks to 1 year or more. Extensive 
pilot testing reduces the savings achieved by having the package plants designed 
and assembled at a central facility. Manufacturers have reported that pilot testing 
can increase the costs of their equipment by more than 30 percent. For example, 
according to one manufacturer, a 6-month pilot test can add $ 16,000 to the cost of 
a $45,000 package filtration system. 

Certification of package plant performance by an independent third party 
would reduce package plant costs by reducing, although not eliminating, the need 
for site-specific testing. Currently, no national program exists for certifying 
drinking water treatment systems other than point-of-use (POU) and point-of- 
entry (POE) devices used in individual homes. The National Sanitation Founda- 
tion (NSF) International, which certifies in-home water treatment equipment, is 
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currently cooperating with the EPA to develop a verification program for pack- 
age plants. This program, launched in late 1995, is in its beginning phases and is 
currently funded for a 3-year period. Support for the program should continue, 
because it could reduce the costs of drinking water treatment technologies for 
small communities. Once the program is established, testing fees provided by 
equipment manufacturers will sustain most of its costs. 

A key component of a national pilot testing and verification program for 
package plants is standard protocols for equipment testing. Currently, such pro- 
tocols do not exist. Water treatment system designers generally conduct bench 
and pilot studies using their own individual methods and parameters for docu- 
menting water quality. As a consequence, it is difficult to compare data sets 
developed by different investigators. Establishment of standard protocols that 
measure the parameters covered in Safe Drinking Water Act regulations would 
allow data collected in one location to be applied elsewhere. 

Another key component of a package plant testing and certification program 
is a national data base for reporting test results. Currently, no such data base 
exists. Considerable “reinvention of the wheel” occurs as new tests are required 
to verify technologies at each new location even if identical tests were performed 
elsewhere on water of a similar quality. Such a data base could be created by 
expanding the Registry of Equipment Suppliers of Treatment Technologies for 
Small Systems (RESULTS) data base at the National Drinking Water Clearing- 
house in West Virginia. The expanded data base should cover all of the available 
technologies, use standard formats for reporting data, and include complete infor- 
mation about raw water quality, finished water quality, and operation and main- 
tenance costs for each technology. 

While development of standard protocols for testing drinking water treat- 
ment technologies is a desirable goal, it is essential to recognize that the degree to 
which pilot testing can be centralized in order to reduce site-spccific testing 
varies considerably depending on the type of technology, the nature of the water 
to be treated, and the availability of data documenting the performance of the 
technology on waters of various qualities. For many technologies, some aspects 
of process performance can be tested in a central facility, while others need to be 
evaluated for each source water treated. Following are some general principles 
that apply to pilot testing of various classes of water treatment processes (see 
Chapter 4 for details): 

• Site-specific pilot testing of aeration systems is not necessary; perfor- 
mance can be predicted with design equations. 

* For membrane systems, much of the detailed evaluation can be based on 
pilot tests or full-scale applications elsewhere. However, systems using ground 
water will need to evaluate the potential for chemical scaling of the membranes. 
Surface water systems will need to test the potential for the source water to foul 
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the membranes and determine whether pretreatment is required to remove par- 
ticulate matter ahead of the membranes. 

• For gran ular activated carbon adsorption systems , some degree of source 
water-specific testing is necessary because the ability of the carbon to adsorb a 
target contaminant varies significantly with the chemical composition of the raw 
water. In cases where the raw water has a low concentration of organic matter, 
such as in ground water, inexpensive bench-scale columns can adequately predict 
performance; for surface water systems, pilot tests will be necessary. 

• Powdered activated carbon adsorption systems need to be evaluated in 
bench-scale tests, at a minimum, to determine the effectiveness of the powdered 
activated carbon on the particular raw water and with the mixing characteristics 
present in the system. 

• Ion exchange and activated alumina systems require some degree of 
source water- specific bench- or pilot-scale evaluation to determine the potential 
for competitive adsorption of ions other than the target contaminants, which can 
affect the life of materials used in treatment. 

• Because of the complexity of the chemical processes involved, coagula- 
tion/filtration systems require site-specific testing unless an identical coagula- 
tion/filtration system is already being used successfully on the same source wa- 
ter. The degree of testing required depends in part on the design of the system 
and in part on the characteristics of the raw water. In some cases, bench-scale 
tests using jars to determine appropriate coagulant doses will be adequate. 

• Diatomaceous earth filtration systems require a few weeks of pilot testing 
to establish the effectiveness of different grades of diatomaceous earth and to 
estimate the length of filter runs that might be expected with a full-scale plant. 

• For slow sand filtration systems, sitc-specific pilot testing is necessary, 
unless a slow sand filler is already treating the same source water at another 
location, because understanding of these systems is insufficient to allow engi- 
neers to predict what filtered water turbidity an operating slow sand filter will 
attain. Piloting of these systems need not be expensive. Pilot test units can be 
constructed from manhole segments and other prefabricated cylindrical products. 

• Bag filters and cartridge filters need not be pilot tested at each site. 
Performance of these filters depends on careful manufacture of the equipment 
and its use on waters of appropriate quality rather than on manipulation of the 
water or equipment during treatment. 

• Lime softening systems need not be pilot tested for small systems using 
ground water sources; jar testing to determine appropriate process pH and chemi- 
cal doses is sufficient. Lime softening systems do need to be pilot tested if used 
on surface water sources with variable quality. 

• Disinfection systems using free chlorine, chloramine, chlorine dioxide, or 
ozone need not be tested at each individual site. The effectiveness of these 
systems is predicted based on laboratory test results, which regulators consider to 
be applicable to all systems. 
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• Current regulations allow small systems to base corrosion control strate- 
gies on desk-top reviews of water quality, rather than on pilot tests. 

For the smallest of water systems, in particular those serving a few dozen 
homes or less, POE or POU water treatment systems may provide a low-cost 
alternative to centralized water treatment. In POE systems, rather than treating 
all water at a central facility, treatment units are installed at the entry point to 
individual households or buildings. POU systems treat only the water at an 
individual tap. If a source water has acceptable quality for drinking except for 
exceeding the nitrate or fluoride standards, for example, using a POU system to 
treat the small number of liters per day needed for drinking and cooking might be 
less costly than installing a central treatment system that could remove the nitrate 
or fluoride from all water used by the community. Similarly, POE systems can 
save the cost of installing expensive new equipment in a central water treatment 
facility. POU and POE systems can also save the considerable costs of installing 
and maintaining water distribution mains when they are used in communities 
where homeowners have individual wells. 

Regulators often have significant objections to using POE and POU devices. 
Concerns include the potential health risk posed by not treating all the water in 
the household (a problem for POU systems), the difficulty and cost of overseeing 
system operation and maintenance when treatment is not centralized, and liability 
associated with entering customers’ homes. These objections have merit, par- 
ticularly as system size increases and the complexity of monitoring and servicing 
the devices increases. Using centralized water treatment should be the preferred 
option for very small systems, and POE or POU treatment should be considered 
only if centralized treatment is not possible. 


Recommendations: Technologies for Small Systems 

• Application of technology (other than disinfection) to improve water qual- 
ity should be considered only after other options, such as finding a cleaner source 
of water or purchasing water from a nearby utility, have been exhausted. 

• The EPA should continue support for the fledgling water treatment tech- 
nology verification program that it recently initiated with the National Sanitation 
Foundation. 

• The EPA should oversee development of standard protocols and reporting 
formats for pilot testing water treatment technologies, especially package plants. 

• The EPA should establish a standard national data base for water treat- 
ment technology information by expanding the RESULTS data base at the Na- 
tional Drinking Water Clearinghouse. The data base should include complete 
information on source and finished water quality, in standard units, and costs for 
each technology. It should be made available electronically, via the Internet. 

• State agencies responsible for regulating water systems should assign a 
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staff member to continually evaluate the status of knowledge relating to the 
performance of various water treatment processes of potential use in their juris- 
dictions. As more performance information is generated on waters of similar 
quality, the extent of preinstallation testing can be reduced, thus reducing the 
costs to the small system. 


ENSURING SMALL WATER SYSTEM SUSTAINABILITY 

Affordable technologies can help small communities provide better quality 
water, but technologies alone will not solve the problems of small water supply 
systems. Without adequate management and revenues, small communities will 
be unable to maintain even low-cost technologies. Many small communities lack 
a fee structure that is adequate to generate the necessary operating revenues, let 
alone funds for capital improvements. In other communities, the population is 
too small and average incomes are too low to provide sufficient revenue no 
matter what the fee structure. Lack of revenue leads to a vicious circle: without 
funding, water systems cannot afford to hire good managers, but without good 
managers, water systems will have trouble developing a plan to increase rev- 
enues. Institutional changes are needed to decrease the number of unsustainable 
water systems — that is, the number of systems lacking the resources needed to 
meet performance requirements over the long term. 

Like businesses, small water systems are experiencing greater external pres- 
sure to change in response to the increasing number of regulations and increasing 
customer expectations. Unlike businesses, however, small systems have gener- 
ally not done effective business planning. States should encourage small systems 
to do such planning by developing formal public health performance appraisal 
programs. Such programs should require each regulated water system in the state 
to assess its short- and long-term ability to provide adequate quantities of water 
that meets Safe Drinking Water Act standards. States should provide operating 
permits only to water utilities that have satisfactorily completed a performance 
appraisal. Where performance appraisals reveal problems, the states should as- 
sist die small water system in resolving the problems. 

Performance appraisals should include analyses of the following types of 
information: 

* existence of health orders (for example, boil water orders) issued to the 
water system or waterborne disease outbreaks in the community; 

* the system’s record of response to these orders and outbreaks; 

* violations of water quality standards, including monitoring requirements; 

* the water system’s methods for keeping track of its compliance with Safe 
Drinking Water Act standards; 

* the number of staff and their levels of training; 
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* responses to sanitary surveys (on-site visits by state regulators to inspect 
system source water, facilities, and operations); and 

* whether the water system has an adequate plan specifying how it will 
meet present and future demands at an affordable cost while complying with the 
Safe Drinking Water Act and other regulations. 

While regulators have long considered waterborne disease outbreaks, com- 
pliance with drinking water standards, operator certification, and sanitary surveys 
when evaluating small water systems, the importance of a comprehensive, for- 
ward-looking plan has often been overlooked. Proper planning and financing are 
key elements in ensuring the sustainability of water systems. Developing a water 
system plan will cause the utility to examine itself closely and develop a road 
map for the future. The plan should include information on future trends in 
service area, population, land use policies, and water demands on both a short- 
term (next 5 years) and long-term (next 20 years) basis. Based on this demo- 
graphic information, it should evaluate needed system improvements, the current 
budget, the expected future budget, and projected future rates necessary to sustain 
the budget. The level of detail in such plans will vary with the size of the system, 
with very small systems requiring less detailed plans than larger systems. 

If the performance appraisal uncovers problems that compromise the 
system’s sustainability, then the water system either must improve service on its 
own or restructure by delegating some or all of its responsibilities to another 
entity, such as a rural electric utility, regional water authority, local government, 
or investor-owned utility. Restructuring arrangements generally fit one of four 
categories: 

1. direct ownership , in which a small system reaches an agreement with 
another authority to take over system ownership or joins with other nearby sys- 
tems to form a regional agency; 

2. receivership or regulatory takeover, in which the state takes responsibil- 
ity for transferring management of a failing water system to another authority in 
cases where the system owner does not voluntarily relinquish control; 

3. contract service, in which a contractor provides specific services, such as 
operation and maintenance, water quality monitoring, emergency assistance, and 
billing, on a routine basis; and 

4. support assistance, in which another utility provides support such as train- 
ing the small system operator to repair a chlorinator, helping the small system 
develop a financial management plan, sharing water storage facilities, or making 
joint purchases of supplies or water to get volume discounts. 

Each of these options consolidates some portion of the management and opera- 
tion of several water systems within a larger agency, reducing costs to the con- 
sumer. For example, restructuring may mean that the community no longer 
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needs to pay for a qualified full-time water system operator if, through restructur- 
ing, several systems can share an operator. 

While restructuring can reduce the costs of providing water service to small 
communities, several barriers can stand in the way of restructuring. Organiza- 
tions may be unwilling to take over deteriorated systems if they fear being re- 
sponsible for financing all the necessary system improvements. Similarly, they 
may fear being held liable if the troubled sysLem is in violation of the Safe 
Drinking Water Act. In other cases, small system owners may be unwilling to 
relinquish control to another authority. Incentives need to be provided to encour- 
age qualified organizations to take over management of unsustainable small wa- 
ter systems and to encourage small systems to enter into such arrangements. 


Recommendations: Small Water System Sustainability 

• States should establish programs requiring all water systems to conduct 
public health performance appraisals. Only systems that have successfully com- 
pleted a performance appraisal should be issued an operating permit. 

• The federal government should limit state revolving fund (SRF) monies 
for drinking water systems to states with official performance appraisal pro- 
grams. This will ensure that federal funds are not used to prop up unsustainable 
systems. 

• SRF monies should be made available to public- and investor-owned 
utilities for assisting in the restructuring of small water systems. 

• Federal, state, and local governments should provide tax incentives to 
organizations that assume responsibility for failing small water systems (see 
Chapter 5 for details). 

• State public utility commissions should allow adjustments to the rate base 
of larger utilities that assume responsibility for insolvent water systems so that 
the rate base and depreciation practices can reflect the costs of acquiring the 
failing system. 

• The EPA should provide temporary waivers to utilities for liabilities asso- 
ciated with Safe Drinking Water Act violations in cases where the utility has 
acquired a failing water company. These waivers should be tied to reasonable 
compliance schedules. 


TRAINING OPERATORS FOR SMALL SYSTEMS 

Even a well-financed water system with the most advanced treatment tech- 
nologies cannot deliver its water reliably unless its operators are trained ad- 
equately. While all 50 stales have regulations for certifying water system opera- 
tors, the programs for training these operators are disjointed and often fail to meet 
the needs of small system operators. 

Training of small system operators is provided through a mix of state-run 
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workshops, informal instruction from equipment vendors and slate regulators, 
courses at technical schools or universities, American Water Works Association 
courses, and rural water associations. These programs are not coordinated in any 
way. In addition, most operator training programs (and state certification re- 
quirements) cover the general theories underlying operation of numerous types of 
water treatment processes, some of them quite advanced, while operators of 
smaller systems need specific, hands-on training in only the treatment technolo- 
gies their systems use. Training and certification programs are particularly defi- 
cient in teaching operators about water system management and administration — 
two areas that are as essential to small water system operation as arc treatment 
and distribution. 

The Safe Drinking Water Act Amendments of 1986 authorized the EPA to 
spend up to $15 million per year to provide technical assistance to small commu- 
nities struggling to comply with the act’s requirements. While the EPA provides 
$6.5 million annually to the National Rural Water Association and the Rural 
Community Assistance Program for technical assistance to small water systems, 
this spending has not resulted in the types of coordinated training programs 
needed to ensure that all water system operators are adequately trained. More 
leadership is needed at the national level to improve training programs for small 
water system operators. 


Recommendations: Operator Training 

• Funds should be provided to the EPA to establish an organizational work 
unit, based at EPA headquarters, responsible for identifying the knowledge and 
skills necessary to operate all aspects of drinking water systems. 

• The new EPA work unit should arrange for an independent organization, 
such as the National Training Coalition or the National Environmental Training 
Center tor Small Communities, to develop multimedia tools to deliver the needed 
training to system owners and operators across the country. 

• The operator training programs should cover alt of the areas necessary for 
running a small water system, including metering, customer service, financing, 
administration, and human resources management, as well as water treatment, 
water distribution, and public health. 

• The states or their agents, with EPA support and coordination, should 
deliver the training programs to operators. 

• States should rewrite their operator certi ficalion laws for small systems to 
allow small system operators to be certified only for the treatment processes 
employed in their systems. At the same time, states should institute a require- 
ment that operators have knowledge of all of the skill areas (metering, finance, 
and so on) necessary for small system management. 

In summary, water service to many of the nation’s small communities is 
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currently inadequate. Improving the quality of water service to these communi- 
ties will require a combination of approaches: finding high-quality water sources, 
streamlining pilot testing requirements to make technologies more affordable, 
creating incentives to consolidate the management and financial administration 
of small systems, and improving programs to train small water system operators. 
Any one of these approaches alone will be insufficient to solve the problems of 
small water systems. A water system lacking adequate revenues and a well- 
trained operator will be unable to afford or maintain equipment, no matter how 
inexpensive, for water supply, treatment, and distribution. Conversely, a water 
system with a well-trained operator and sound financial plan may be unable to 
meet drinking water standards unless it can obtain treatment systems that are 
within its budget. National and state leadership are needed to improve the deliv- 
ery of quality water to small communities. 
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Summary 


F lowing approximately 2,300 miles from Lake Itasca to the Gulf of 
Mexico, the Mississippi River represents a resource of tremendous 
economic, environmental, and historical value to the nation. The Mis- 
sissippi River drains the vast area between the Appalachian and the Rocky 
Mountains, making it the world’s third-largest river basin, behind the Ama- 
zon and the Congo River basins. The river supports numerous economic 
and recreational activities including boating, commercial and recreational 
fishing, tourism, hiking, and hunting. Mississippi River water quality is 
of paramount importance for the sustainability of the many uses of the 
river and the ecosystems dependent on it. Numerous cities and millions of 
inhabitants along the river use the Mississippi as a source of drinking wa- 
ter. Water quality is also important for many recreational and commercial 
activities. The river’s ecosystems and its avian and fish species rely on good 
water quality for their existence. These ecosystems and the species they 
support are highly valued and are especially important to communities and 
economies along the river and along the Louisiana Gulf Coast. 

There are many differences between the upstream and downstream 
portions of the mainstem Mississippi River. Much of the upper Mississippi 
River is a river-floodplain ecosystem that contains pools, braided channels, 
islands, extensive bottomland forests, floodplain marshes, and occasional 
sand prairie. The upper river is home to the Upper Mississippi River Na- 
tional Wildlife and Fish Refuge, which covers 240,000 acres and extends 
261 miles along the river valley from Wabasha, Minnesota, to Rock Island, 
Illinois. Further downstream, many large flood protection levees line the 
lower river and have severed natural connections between the river chan- 
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nel and its floodplain. There are fewer backwater areas and islands than 
along the upper river and fewer opportunities for river-related recreation. 
Moreover, the lower Mississippi River’s larger flows and dangerous cur- 
rents and eddies inhibit river-based recreation and impede water quality 
monitoring. These upstream-downstream differences affect the nature of 
water quality problems and the extent of water quality monitoring along 
the length of the river. 

Mississippi River water quality is affected by land use practices, ur- 
banization, and industrial activities across its large drainage basin. Many 
of these activities, including those that take place hundreds of miles away 
from the main river channel (or mainstem), can degrade Mississippi River 
water quality. The establishment of cities and commercial activities along 
the river has contributed to degraded water quality through increasing 
pollutant discharges from cities and industry. Congress first enacted the 
Federal Water Pollution Control Act (FWPCA) in 1948. Congress amended 
the FWPCA repeatedly from 1956 on; however, substantial amendments 
in 1972 created the contemporary structure of the act, which acquired the 
name Clean Water Act in 1977 amendments. An overarching objective of 
the Clean Water Act is to restore and maintain the chemical, physical, and 
biological integrity of the nation’s waters. 

The Clean Water Act has achieved successes in reducing point source 
pollution, or pollution discharged from a discrete conveyance or pipe 
(e.g., industrial discharge or a wastewater treatment plant), but nonpoint 
pollution, which originates from diffuse sources such as urban areas and 
agricultural fields, has proven more difficult to manage. Despite improve- 
ments since passage of the Clean Water Act, the Mississippi River today 
experiences a variety of water quality problems. Many of these problems 
emanate from nonpoint pollutant sources. Although the Clean Water Act 
can be used to address nonpoint source pollution problems, its provisions 
for doing so have less regulatory authority than its provisions for address- 
ing point source pollution. 

This report focuses on water quality problems in the Mississippi River 
and the ability of the Clean Water Act to address them. Data needs and 
system monitoring, water quality indicators and standards, and policies and 
implementation are addressed (the full statement of task to this committee 
is contained in Chapter 1). The geographic focus of this report is the 10- 
state mainstem Mississippi River corridor and areas of the Gulf of Mexico 
affected by Mississippi River discharge. Water quality in the Mississippi 
River and the northern Gulf of Mexico, however, is affected by activities 
from across the entire river basin. Comprehensive Mississippi River water 
quality management programs therefore must consider the sources of pol- 
lutant discharges in all tributary streams, as well as along the river’s main- 
stem. This report therefore also discusses landforms, land use changes, and 
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land and water management practices across the Mississippi River basin 
that affect mainstem water quality. 

The committee was not specifically charged to consider possible statu- 
tory changes to the Clean Water Act. The committee discussed this topic 
and chose to conduct its investigations and present its findings and rec- 
ommendations entirely within the framework of the existing Clean Wa- 
ter Act. 


FINDINGS 

Mississippi River Water Quality Problems 

Numerous human activities across the Mississippi River basin affect 
the water quality of the mainstem Mississippi River and the northern Gulf 
of Mexico. These activities include discharges from industries, urbaniza- 
tion, timber harvesting, construction projects, agriculture, and landscaping 
practices. Along the mainstem Mississippi, major hydrologic modifications 
implemented over the past 150 years also affect water quality. These modi- 
fications include river channelization, locks and dams (and associated navi- 
gation pools) of the upper Mississippi River navigation system, many large 
levees along the lower river, and losses of large areas of natural wetlands. 

These activities and modifications contribute to many water quality 
problems along the river’s mainstem that vary and are of different magni- 
tude in different parts of the river. These problems can be divided into three 
broad categories: (1) contaminants with increasing inputs along the river 
that accumulate and increase in concentration downriver from their sources 
(e.g., nutrients and some fertilizers and pesticides); (2) legacy contami- 
nants stored in the riverine system, including contaminants adsorbed onto 
sediment and stored in fish tissue (e.g., polychlorinated biphenyls [PCBs]; 
dichlorodiphcnyltrichloroethane [DDT]}; and (3) “intermittent” water con- 
stituents that may or may not he considered contaminants, depending on 
where they are found in the system, at what levels they exist, and whether 
they are transporting adsorbed materials that arc contaminants. The most 
prominent component in the latter category is sediment. In some portions 
of the river system, sediment is overly abundant and can be considered a 
contaminant. In other places it is considered a natural resource in deficient 
supply. 

Differences in inputs of pollutants in different parts of the river basin 
contribute to varying water quality problems along the length of the river. 
For example, downstream sediment loads are greatly affected by sediment 
inputs from, and retention in, the river’s many tributary streams. Nutrients 
enter the Mississippi River at many points along its course, primarily from 
nonpoint sources in agricultural areas in the upper Mississippi River basin 
that are not subject to Clean Water Act permit programs. Nitrogen and 
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phosphorus are nutrients of special concern. These nutrients ultimately 
are discharged into the Gulf of Mexico, where nitrogen causes large-scale 
problems in the form of hypoxia and other coastal ecosystem disturbances, 
including impairment of Gulf fish populations. In other portions of the 
river system, primarily in the upper river, excessive loadings of phosphorus 
constitute a problem (e.g., in Lake Pepin in southern Minnesota). 

Sediment problems are more complex. For example, in the upper Mis- 
sissippi River, high rates of sediment input and deposition are key concerns. 
Sediment loads in the upper river today are greater than they were in the 
mid- to late eighteenth century, when the basin was being settled by Euro- 
pean immigrants. The system of locks and dams and navigation pools put 
in place on the upper river in the early twentieth century affects sediment 
transport and deposition significantly. In the lower Mississippi River below 
Alton, Illinois, deprivation of sediments — due in large part to the trapping 
of large amounts of sediment behind a series of dams and reservoirs on the 
Missouri River — is a problem. Sediment deprivation is, for example, a key 
contributor to losses of coastal wetland systems in southern Louisiana. This 
problem is enhanced to some degree by extensive levee structures along the 
lower part of the river that do not allow sediments to spread into and across 
floodplains and wetlands adjacent to the river and its tributaries. 

Identifying the most important water quality problems in the mainstem 
Mississippi River depends on the scale examined. At the local level, for 
instance, problems with toxic substances and bacteria may be of primary 
concern to citizens and regulators. However, at the scale of the entire Mis- 
sissippi River, including its effects that extend into the northern Gulf of 
Mexico, nutrients and sediment are the two primary water quality prob- 
lems Nutrients are causing significant water quality problems within the 
Mississippi River itself and in the northern Gulf of Mexico. With regard to 
sediment, many areas of the upper Mississippi River main channel and its 
backwaters are experiencing excess suspended sediment loads and deposi- 
tion, while limited sediment replenishment is a crucial problem along the 
lower Mississippi River and into the northern Gulf of Mexico. 


Water Quality Monitoring and Assessment 

The Mississippi River serves as a border between states along much 
of its course from Lake Itasca to the Gulf of Mexico. Some states along 
the river view Mississippi River water quality as primarily a federal re- 
sponsibility— especially states in the lower stretch of the river. Many of 
the 10 states along the river thus allocate only small amounts of funds for 
water quality monitoring and related activities. Moreover, there is very 
limited coordination among the Mississippi River states on water quality 
monitoring activities. The Clean Water Act is relatively clear in delineating 
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responsibilities for state-specific water quality monitoring and assessment; 
it is less clear in addressing issues of coordinated interstate river monitoring 
and assessment to ensure that water quality data are collected and analyzed 
in a consistent fashion. As a result of limited interstate coordination, the 
Mississippi River is an “orphan” from a water quality monitoring and as- 
sessment perspective. 

The orphan-like nature of the Mississippi River entails several unique 
water quality monitoring and management challenges. One problem stems 
from the fact that individual states generally are responsible for monitor- 
ing the stretch of the Mississippi River that flows through or abuts them. 
The Mississippi River flows within only two states — Minnesota and Loui- 
siana — of the ten states along its corridor. For the other eight states, the 
river forms a boundary between them. Although there are some important 
federally sponsored efforts in monitoring Mississippi River water qual- 
ity — such as those conducted by the U.S. Army Corps of Engineers and the 
U.S. Geological Survey, especially on the upper river — there is no single 
water quality monitoring program or central water quality database for the 
entire length of the Mississippi. Thus, there are limited amounts of water 
quality and related biological and ecological data for the full length of the 
Mississippi River, especially the lower river. This limited amount of data 
inhibits evaluations of water quality problems along the river and into the 
Gulf of Mexico, which in turn inhibits efforts to develop, assess, and adjust 
water quality restoration activities. Moreover, the limited attention devoted 
to monitoring the river’s water quality is not commensurate with the Missis- 
sippi River’s exceptional socioeconomic, cultural, ecological, and historical 
value. The lack of a centralized Mississippi River water quality information 
system and data gathering program hinders effective implementation of the 
Clean Water Act and acts as a barrier to maintaining and improving water 
quality along the Mississippi River and into the northern Gulf of Mexico. 


Effectiveness of the Clean Water Act 

The Clean Water Act (CWA) is the cornerstone of surface water qual- 
ity protection in the United States. It employs a variety of regulatory and 
nonrcgulatory tools designed to reduce direct pollutant discharges into 
waterways, finance municipal wastewater treatment facilities, protect wet- 
lands, and manage polluted runoff. Congress designed the 1972 act “to 
restore and maintain the chemical, physical, and biological integrity of the 
Nation’s waters.” The act also called for zero discharges of pollutants into 
navigable waters by 1985 and “fishable and swimmable” waters by mid- 
1983. The U.S. Environmental Protection Agency (EPA) and the states are 
primarily and jointly responsible for implementing the act. The U.S. Army 
Corps of Engineers also plays a role in Clean Water Act implementation, 
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because it shares responsibility with the EPA in the act’s Section 404 wet- 
lands permitting program. 

The Clean Water Act aims to achieve water quality improvements 
by requiring categorical technology-based standards for point source dis- 
chargers. The Clean Water Act has been effective in addressing many point 
source pollution problems, such as discharges from industrial sources and 
publicly owned sewer systems and treatment works. Further improvements 
in control of point sources of pollution — notably in connection with urban 
stormwater and combined sewer overflows — are possible. Such changes, 
however, are likely to have limited effects on mainstem and northern Gulf 
of Mexico water quality because only approximately 1 0 percent of Missis- 
sippi River nitrogen loading is from point sources. 

For waterbodies that remain impaired after the application of 
technology-based and water quality-based controls of point source dis- 
charges, the Clean Water Act requires application of water quality stan- 
dards and Total Maximum Daily Loads (TMDLs). The TMDL represents 
both a planning process to implement standards and a numerical quantity 
for a pollutant load to receiving waters that will not result in violation of 
state water quality standards within an adequate margin of safety. The 
Clean Water Act requires states or the Environmental Protection Agency 
to develop TMDLs for waterbodies that do not meet water quality stan- 
dards. The Clean Water Act has been effective in addressing point sources 
of water pollutants. Notably, however, the Clean Water Act addresses 
nonpoint source pollution only in a limited, indirect manner. This is a 
crucial difference given the significance of nonpoint source water pollution 
throughout the nation and its special importance to Mississippi River and 
northern Gulf of Mexico water quality. 

The 'I'otal Maximum Daily Load framework is a key aspect of the 
Clean Water Act and is designed, in part, to address nonpoint source pol- 
lutants and to protect and restore water quality. The TMDL concept and its 
implementation have been used to address both point and nonpoint source 
inputs to many waterbodies in the United States. The TMDL framework 
is more easily implemented in smaller watersheds within individual states. 
Larger rivers and rivers with watersheds that encompass multiple states 
pose significant implementation challenges for the TMDL framework, par- 
ticularly with respect to nonpoint source pollution. For TMDLs and water 
quality standards to be employed effectively to manage water quality in 
interstate rivers such as the Mississippi, it is essential that the effects of 
interstate pollutant loadings be considered fully in developing the TMDL. 

A lack of coordination among federal- and state-level efforts, limited 
federal oversight of CWA implementation, and failure of some states to 
include the Mississippi River within their state water quality monitoring 
programs all contribute to the inability of the EPA and the states to ad- 
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dress adequately water quality degradation in the Mississippi River and 
into the northern Gulf of Mexico. The Clean Water Act requires the EPA 
to establish water quality criteria; oversee and approve state water quality 
standards and TMDLs; take over the setting of water quality standards and 
the TMDL process when state efforts are inadequate; and safeguard water 
quality interests of downstream and cross-stream states. The Clean Water 
Act assigns most interstate water quality coordination authority to the EPA. 
The Clean Water Act also encourages the EPA to stimulate and support in- 
terstate cooperation to address larger-scale water quality problems. The act 
provides the EPA with multiple authorities that would allow it to assume a 
stronger leadership role in addressing Mississippi River and northern Gulf 
of Mexico water quality. 

Despite the authority granted to the EPA in the Clean Water Act, one 
of the nation’s key, large-scale water quality problems — the hypoxic zone 
in the northern Gulf of Mexico — continues to persist. The Gulf hypoxic 
zone is a large area that clearly is not meeting the CWA goal of fishable and 
swimmable waters. The EPA has failed to use its mandatory and discretion- 
ary authorities under the Clean Water Act to provide adequate interstate 
coordination and oversight of stale water quality activities along the Mis- 
sissippi River that could help promote and ensure progress toward the act’s 
fishable and swimmable and related goals. 

Programs and policies designed to achieve improvements in water qual- 
ity for the Mississippi River and the northern Gulf of Mexico are affected 
by the following factors: 

1. Resolution of many Mississippi River water quality issues is con- 
strained by pre-CWA structural alterations to the river— for example, locks, 
dams, and levees, and the losses of wetlands — that the Clean Water Act 
cannot undo; 

2. The Clean Water Act contains no authorities that directly regulate 
nonpoint sources of pollutants; 

3. The Clean Water Act specifically exempts agricultural stormwater 
discharges and return flows from irrigated agriculture from being regulated 
as point source discharges and does not address agricultural nonpoint 
source pollution except as it leaves all nonpoint source pollution manage- 
ment to the states; 

4. lhe interstate nature of the Mississippi River poses complications 
in coordinating water quality standards and monitoring programs among 
ten states and four EPA regions; 

5. Large rivers such as the Mississippi are physically difficult to moni- 
tor, evaluate, and characterize; and 

6. Pollutant loadings from ten states impact the Mississippi River and 
extend into the northern Gulf of Mexico. 
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Many structural and physical changes to the Mississippi River predate 
passage of the Clean Water Act. Moreover, Congress did not design the 
Clean Water Act to address every process that affects Mississippi River 
water quality. The Clean Water Act has been effective in reducing many 
pollutant discharges from point sources, but other processes such as levee 
construction, urbanization, and forestry activities affect Mississippi River 
quality and are not subject to the regulatory provisions of the Clean Wa- 
ter Act. The Clean Water Act cannot be used as the sole legal vehicle to 
achieve all water quality objectives along the Mississippi River and into 
the northern Gulf of Mexico. Nevertheless, the Clean Water Act provides 
a legal framework that, if comprehensively implemented and rigorously 
enforced, can effectively address many aspects of intrastate and interstate 
water pollution, although the emphasis to date has been predominantly on 
the former. 


Nonpoint Source Pollution and Agriculture 

Since agriculture contributes the major portion of nutrients and sedi- 
ments delivered to the Mississippi River, reductions in pollutant loadings, 
especially nutrients, from the agricultural sector are crucial to improving 
Mississippi River water quality. Not all agricultural producers across the 
river basin contribute equal amounts of nutrients and sediments in runoff. 
Water quality protection programs thus need not be implemented in every 
watershed and on every farm to realize substantial water quality improve- 
ments further downstream. The careful targeting of programs to areas of 
higher pollutant loadings could enhance the effectiveness of conservation 
programs designed to reduce nutrient and sediment runoff. 

The U.S. Department of Agriculture (USDA) administers a number of 
incentive-based programs designed to implement best management prac- 
tices (BMPs) and/or reduce levels of nutrient and sediment inputs and 
runoff. USDA programs to reduce environmental impacts of agriculture in- 
clude the Conservation Reserve Program (CRP), the Environmental Quality 
Incentive Program (EQIP), and the Conservation Security Program (CSP). 
Ihese programs aim to balance incentives for crop production with incen- 
tives for land and water conservation. Participation is voluntary, but there 
are financial incentives for implementing BMPs. 

A key issue in Midwest agriculture today is the potential increase in 
crop land and production dedicated to biofuels. Recent interest in biofuels 
production is encouraging producers to extend and intensify crop produc- 
tion in much of the upper Mississippi River basin. Much of this expanded 
production is in corn, which entails large applications of nutrient fertilizers. 
As a result, sediment and nutrient runoff from agricultural land in the up- 
per basin is likely to increase. Although increases in grain production for 
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biofuels, particularly on marginal agricultural lands that contribute high 
nutrient loads, may have substantial consequences for Mississippi River 
and northern Gulf of Mexico water quality, these potential impacts have 
not been fully evaluated. 


RECOMMENDATIONS 

Agriculture and Mississippi River Water Quality 

Effective management of nutrient and sediment inputs and other water 
quality impacts from agricultural sources will require site-specific, targeted 
approaches involving best management practices. Existing USDA programs 
provide vehicles for implementing nonpoint source controls in agriculture, 
but they will require closer coordination with the EPA and state water qual- 
ity agencies to realize their full potential for improving water quality. The 
EPA could assist the USDA to help improve the targeting of funds expended 
in the CRP, EQIP, and CSP. The national financial investment and scope 
of these USDA programs is large. A focus on these programs is important 
because the Clean Water Act does not authorize regulation of non point 
sources of pollutants such as agricultural lands. Recent developments in 
the prospects for increased biofuels production, and the increased nutrient 
and sediment pollutant loads this would entail, provide an even stronger 
rationale to expedite targeted applications of USDA conservation programs 
and enhanced EPA -USDA coordination. 

Targeting USDA conservation programs to areas of higher nutrient 
and sediment loadings can lead to BMPs for control of runoff containing 
sediment and nutrients being implemented on lands that are the primary 
sources of nonpoint pollutants. This provides an opportunity to strengthen 
EPA-USDA interagency collaboration: the EPA, for example, can assist 
USDA in identifying lands that should receive priority and can cooperate 
with USDA and producers in monitoring changes in water quality and 
making subsequent adjustments and improvements in nutrient management 
programs. The U.S. Geological Survey (USGS) also could play an important 
role in this collaboration by sharing its considerable expertise and data 
related to water quality monitoring. 

It is imperative that these USDA conservation programs be aggres- 
sively targeted to help achieve water quality improvements in the Missis- 
sippi River and its tributaries. Programs aimed at reducing nutrient and 
sediment inputs should include efforts at targeting areas of higher nutrient 
and sediment deliveries to surface water. The EPA and the USDA should 
strengthen their cooperative activities designed to reduce impacts from 
agriculture on the water quality of the Mississippi River and the northern 
Gulf of Mexico. 
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State-Level Leadership 

The 10 mainstem Mississippi River states have different priorities re- 
garding the river and devote different levels of resources to water quality 
data collection. Broadly speaking, there is a distinction between priorities 
and approaches of the upper river states compared to the lower river states. 
One example of these differences is that the upper river states participate in 
a governor-supported interstate body — the Upper Mississippi River Basin 
Association (UMRBA). The five upper river state governors established the 
UMRBA in 1981 to help coordinate river-related programs and policies and 
to work with federal agencies with river responsibilities. The UMRBA has 
sponsored discussions and studies on many water quality issues. At a stra- 
tegic level, the UMRBA represents an interstate commitment to cooperation 
on river management issues. There is no equivalent organization for the 
lower river states. The Lower Mississippi River Conservation Committee 
(LMRCC) is a multistate organization established to discuss issues of river 
biology and restoration, but it does not have gubernatorial appointees or 
employ full-time staff like the UMRBA. 

Effective water quality protection and restoration requires that the 
Mississippi River be managed as an integrated system. Working together, 
the 10 Mississippi River states will achieve far more, with greater efficien- 
cies, than each state working alone. Mississippi River states will have to 
be more proactive and cooperative in their water quality programs for the 
Mississippi River if marked improvements in water quality are to be real- 
ized. A mechanism for the lower river states to promote this coordination 
could take different forms, such as a forum for information exchange or 
an organization with a more formal status. Better interstate cooperation on 
lower Mississippi River water quality issues is necessary to achieve water 
quality improvements. The lower Mississippi River states should strive to 
create a cooperative mechanism, similar in organization to the UMRBA, in 
order to promote better interstate collaboration on lower Mississippi River 
water quality issues. 


EPA Leadership 

Several federal agencies maintain programs related to water quality 
monitoring across the Mississippi River watershed and into the northern 
Gulf of Mexico. For example, the National Oceanic and Atmospheric Ad- 
ministration (NOAA) collects water quality data for the Gulf of Mexico, 
the U.S. Army Corps of Engineers oversees the federal-state Environmental 
Management Program for the upper Mississippi River, and the USGS has 
collected water quality data for many years at select Mississippi River 
stations under different monitoring programs. All of these programs have 
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merit, but there is no single federal program for water quality monitoring 
and data collection for the river as a whole. The past and current approach 
to water quality management in the Mississippi River is fragmented, with 
different agencies conducting their own monitoring programs and having 
different goals. This does not lend itself to a coherent program designed 
to monitor and consider the Mississippi River as a whole. The Mississippi 
River, with its extensive interstate commerce, its ecosystems that cross state 
boundaries, and its effects that extend into the northern Gulf of Mexico, 
clearly is a river of federal interest. There are compelling reasons for the 
federal government to promote the monitoring and evaluation of this river 
system as a single entity. 

Better coordination and a greater degree of centralization of water 
quality monitoring and data collection along the Mississippi River are es- 
sential to ensure that similar parameters are being measured consistently 
along the entire length of the river; that similar methods, units, and timing 
of measurements are being used along the entire river; and that the place- 
ment and operations of monitoring stations are coordinated. There is an 
adequate scientific basis to undertake an expanded monitoring program 
for the Mississippi River. Better coordination is fundamental to streamlin- 
ing federal expenditures and efforts for water quality monitoring along the 
river and, ultimately, to achieving water quality improvements in the Mis- 
sissippi River and the northern Gulf of Mexico. This will help ensure an 
integrated program that enables consistent, scicncc-based decisions about 
important water quality monitoring issues. 

There is a clear need for federal leadership in system-wide monitoring 
of the Mississippi River. The EPA should take the lead in establishing a 
water quality data sharing system for the length of the Mississippi River. 
The EPA should place priority on coordinating with the Mississippi River 
states to ensure the collection of data necessary to develop water quality 
standards for nutrients in the Mississippi River and the northern Gulf of 
Mexico. The EPA should draw on the considerable expertise and data held 
by the U.S. Army Corps of Engineers, the USGS, and NOAA, 

The EPA should act aggressively to ensure improved cooperation re- 
garding water quality standards, nonpoint source management and control, 
and related programs under the Clean Water Act. This more aggressive 
role for EPA is crucial to maintaining and improving Mississippi River and 
northern Gulf of Mexico water quality and should occur at several levels. 
The EPA administrator should ensure coordination among the four EPA 
regions along the Mississippi River corridor so that the regional offices act 
consistently with regard to water quality issues along the Mississippi River 
and in the northern Gulf of Mexico. 

Regarding cooperation and communication among the Mississippi 
River states, the EPA should encourage and support the efforts of all 10 
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Mississippi River states to effect regional coordination on water quality 
monitoring and planning and should facilitate stronger integration of state- 
level programs. The EPA has an opportunity to broker better interstate 
collaboration and thereby improve delivery of Clean Water Act-related pro- 
grams, such as permitting, monitoring and assessment, and water quality 
standards development. The EPA should provide a commensurate level of 
resources to help realize this better coordination. One option for encourag- 
ing better upstream-downstream coordination would be through a periodic 
forum for state and regional water quality professionals and others to iden- 
tify and act upon appropriate Clean Water Act-related concerns. 

There are currently neither federal nor state water quality standards for 
nutrients for most of the Mississippi River, although standards for nutrients 
are under development in several states. Numerical federal water quality 
criteria and state water quality standards for nutrients are essential precur- 
sors to reducing nutrient inputs to the river and achieving water quality 
objectives along the Mississippi River and in the northern Gulf of Mexico. 
A TMDL could be set for the Mississippi River and the northern Gulf of 
Mexico. This would entail the adoption by EPA of a numerical nutrient 
goal (criteria) for the terminus of the Mississippi River and the northern 
Gulf of Mexico. An amount of aggregate nutrient reduction — across the 
entire watershed — necessary to achieve that goal then could be calculated. 
Each state in the Mississippi River watershed then could be assigned its 
equitable share of reduction. The assigned maximum load for each state 
then could be translated into numerical water quality criteria applicable to 
each state’s waters. 

Regarding cooperation with the Mississippi River states on water qual- 
ity standards and criteria, the EPA should develop water quality criteria 
for nutrients in the Mississippi River and the northern Gulf of Mexico. 
Further, the EPA should ensure that states establish water quality standards 
(designated uses and water quality criteria) and TMDLs such that they 
protect water quality in the Mississippi River and the northern Gulf of 
Mexico from excessive nutrient pollution. In addition, through a process 
similar to that applied to the Chesapeake Bay, the EPA should develop a 
federal TMDL, or its functional equivalent, for the Mississippi River and 
the northern Gulf of Mexico. 

The actions recommended in this report will not be easy to implement. 
They will entail a greater degree of collaboration and compromise among 
interest groups, states, and agencies than in the past. They are, however, 
necessary if the goals of the Clean Water Act are to be realized and the Mis- 
sissippi River provided a level of protection and restoration commensurate 
with its integral commercial, recreational, ecological, and other values. 
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Answers to Post-Hearing Questions 

Responses by Jonathan Overpeck, Director, Institute for the Study of Planet Earth; 
Professor, Geosciences and Atmospheric Sciences, University of Arizona 

Questions submitted by Chairman Bart Gordon 

Ql. Please provide the Committee with recommendations of additional federal re- 
search and development to increase water supply and water use efficiency. 

Al. Several federal research and development efforts would contribute to increasing 
water supply, and/or using our water supply more efficiently. These include: 

1) A well-funded multi-year (I suspect at least 10 years would be needed) National 
Water Supply Science and Assessment Program. This effort would undoubtedly 
have to be multi-agency (e.g., NOAA, NSF, USGS, NASA, USDA), and ensure at 
least 50 percent of the funds were targeted at the extramural research community 
(e.g., universities and private firms) — to ensure maximum peer-review, regional 
focus, and interdisciplinarity. This Program could be part of, and would benefit 
greatly from, a National Climate Service (see more below) that was explicitly di- 
rected to include water supply in its mandate. Major foci should include: 

la) documenting the size and quality of current below-ground water resources 
at the scale of one kilometer or less. This is currently not known for most parts 
of the country, and would require drilling, geophysics, modeling and data syn- 
thesis. 

lb) obtaining much improved estimates of likely future climate-related changes 
in water availability, in terms of rainfall, snow, evaporation run-off, stream- 
flow, aquifer recharge and other metrics. This will require substantial climate 
research (e.g., to understand the dynamics of the North American monsoon and 
tropical storms), climate modeling and hydrological modeling. The goal should 
be to make substantial improvements on the climate and water projections in- 
cluded in the Fourth Assessment of the Intergovernmental Panel on Climate 
Change (2007). Close partnership between the scientific research community 
and regional water-related decision-makers is critical, and the program should 
focus significant funding on the regional science and assessment often neglected 
in federal R&D programs. 

lc) a thorough investigation of how well the Nation’s current water storage sys- 
tem is working, and how it can be augmented, e.g., by increased above-ground 
and below-ground storage. This investigation should factor in climate change 
(lb, above), as well as possible social and environmental issues that are, or 
could emerge as, problems. Although the promise of further above-ground stor- 
age is limited, below-ground storage potential has not been thoroughly evalu- 
ated. 

l d) a complete interdisciplinary (e.g., natural science, social science, economics 
and law) examination of how water is currently used, and how greater efficiency 
could be achieved. Studies of this type have occurred, but they have tended to 
be small, short-term, and not interdisciplinary enough to guide effective policy 
at both national and regional scales. All aspects of water use need to be exam- 
ined, understood, and optimized for maximum efficiency. 

2) An improved Integrated National Climate and Water Monitoring System 

is needed to track water supply, water quality and water use projections, and to 
help update them as will inevitably be needed. The system should be designed to 
support water-use policy and to give stakeholders a comprehensive inventory of local 
to national water supplies (below and above ground) at any given point in time, 
from the present into the future. Over the past couple decades, streamflow moni- 
toring (gauging) has declined due to funding cuts just as water supply concerns have 
become more acute. The same holds true for climate monitoring at the local to re- 
gional scales needed for water supply prediction. The proposed Integrated National 
Climate and Water Monitoring system should include monitoring of all underground 
resources, and should be designed to support the proposed (#1 above) National 
Water Supply Science and Assessment Program and other water storage programs. 

3) A funded National Water Oversight Program or Commission is needed to 
ensure that all policy decisions made at local to national levels include scientifically 
robust assessments of their possible impact on water supply. For example, as the 
Nation explores alternative energy solutions, water requirements (savings or usage) 
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should be factored in. The same holds true for public lands and agricultural policy. 
Water supply is too important to be just an afterthought. 

4) A national Water Education initiative is needed in order to make sure that our 
citizens understand water supply issues broadly (e.g., including climate and energy 
issues) and are prepared to work together to ensure the Nation’s water supply into 
the future. Essential parts of this initiative should include K-12 education, informal 
programs, and university training, and — especially critical — the next generation of 
water supply scientists and engineers. As water supplies become more limited due 
to population increases, aquifer depletion, and/or climate change, the need for this 
expanded workforce will only increase. 


Questions submitted by Representative Ralph M. Hall 

Ql. One of the things that has been stressed in recent National Academies of Science 
reports is the need for more regional modeling and greater information resources 
at the regional level. You state in your testimony that the current warming has 
led to a decrease in spring snow-pack. Given that this year was a record year 
for snowfall in the Rockies, what is your confidence level regarding the fall off 
of spring snowpack attributable to climate change versus natural climate varia- 
bility? 

Al. I strongly concur with the NAS-stated need for great focus on regional climate 
and water research, observation, modeling and assessment. All of the research and 
development initiatives that I advocate in this document need to have greater re- 
gional focus than is the norm for federal programs. The reason for more regional 
focus is simply because most decisions, particularly with respect to water, are made 
at the regional-scale. Also, our scientific understanding of physical processes (e.g., 
climatic and hydrologic) at the regional scale lags understanding at broader scales. 
This limits effective regional decision-making. 

Both natural climate variability and human-caused climate change are, and will 
increasingly be, water supply concerns, particularly in the U.S. West and South- 
west. Because there is substantial climate variability from year to year, and particu- 
larly with respect to precipitation, it is dangerous to read much into what happens 
in any given year. The details of the most recent “water year” (starting in October, 
2007) have not all been analyzed yet, but the trend over the last couple decades has 
been toward an increasingly small spring snowpack at the scale of the U.S. West. 
This has recently been attributed in the peer-reviewed scientific literature to warm- 
er temperatures, and also — in the same study — connected to a trend toward smaller 
Colorado River flows. Thus, there may always be exceptions in any given year, but 
the longer-term trend is what we should be focused on and worried about. 

Q2. In your written statement, you include a figure from the IPCC that illustrates 
the changes in runoff projected by the mid-21st century relative to the average 
run off from 1900-1970. Isn’t it true that the early part of the 20tli century is 
recognized as being an unusually wet period and that rainfall and water supply 
were at the high range of natural variability? Does this IPCC figure take into 
account such that this level of run off may not have been average, but in fact 
above average if looking over a longer period of time? 

A2. Parts of the 20th century do appear to have been wetter than the long-term 
(e.g., 1000 year) average in some regions (e.g., much of the U.S. West, particularly 
the Southwest and region of the Colorado River). The figure in my testimony was 
not from the IPCC 4th Assessment, but rather was from the more recent work of 
Milly et al., 2008 (reference included in my written testimony). They probably used 
the 1900-1970 average because run-off records exist for this period across the U.S. 
(and much of the globe), and because they considered the period to be representative 
of what many people think of as “average.” This period did include the extremely 
wet period of the 1920’s (when the Colorado water allocations were made), but also 
the drier periods of the 1930’s and 50’s. In their work, Milly et al., do not compare 
projected future runoff with the longer-term average, perhaps because it is not pos- 
sible to calculate the longer-term (multi-century) average for all of the U.S. 

Q3. Dr. Overpeck, in your testimony you call for a national climate service designed 
to support local and regional decision-makers in dealing with climate-related re- 
ductions in water supply. How would such a service differ from NIDIS and its 
current mission? Would you envision expanding the role of NIDIS or creating 
another entity? 

A3. Although it is still young, NIDIS should — in addition to being a valuable pro- 
gram in the face of drought — be considered an excellent “pilot” for some of what a 
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National Climate Service should be. NIDIS was designed to deal with drought, par- 
ticularly at the regional scale so important to decision-making, and it should grow 
and flourish in that capacity. The design of a National Climate Service should learn 
from NIDIS, as well as other existing programs, but it should be a new program 
with a broader mission. 

Without any doubt, a National Climate Service should be designed to be — first 
and foremost — responsive to the needs of regional decision-makers: those that have 
a true “stake” in climate variability and climate change. In this respect, a National 
Climate Service should be designed not just after the innovative aspects of NIDIS, 
but should also be heavily informed by the design and successes of the Regional In- 
tegrated Sciences and Assessment (RISA) Program funded out of the NOAA Climate 
Program Office (http: / lwww.climate.noaa.gov / cpo -pa / risa /); indeed, much of 
NIDIS was informed by this NOAA RISA program. One of the key innovations of 
the RISA program is sustained partnership between regional science experts and re- 
gional decision-makers. Another innovation is that the RISA’s enable interagency 
and interdisciplinary collaboration, and — first and foremost — serve to be constant 
champions of regional climate and water science. The needs of regional stakeholders 
should then drive a much larger integrated, multi-agency, National Climate Service 
that meets those needs via interdisciplinary climate system (including water!) re- 
search, observations, modeling and assessments. 

Because NOAA is by far the strongest climate agency in the Federal Government, 
they should lead the National Climate Service. However, the trickiest part, perhaps 
other than funding, will be to devise a new mechanism to ensure that (1) multi- 
agency partners truly work together, (2) use their funding within, and among agen- 
cies as intended, and (3) work — as a priority — to meet the needs of the regional 
stakeholders. Some entity, such as a Commission of regional scientists and stake- 
holders, is needed that reports both to Congress and the White House, and that has 
a responsibility to verify that funds are being used to — first and foremost — meet the 
needs of the regional stakeholders. Otherwise, interagency cooperation and coordi- 
nation will not be optimal, as many current “interagency” programs unfortunately 
demonstrate. 

One of the primary benefits of a new National Climate Service would be to pro- 
vide advantage to the Nation, and its regional stakeholders, in adapting to climate 
change as well as natural climate variability — including drought. I am currently 
working with a national group of regional climate (i.e., RISA) scientists to develop 
a more comprehensive plan for a regionally driven National Climate Service, and 
I will forward our proposed plan to you and your committee as soon as we have a 
complete document. 

Q4. Dr. Overpeck, in your testimony you discuss the vulnerability of the Southwest 
to climate change related drought and you also point out the many times in the 
past the Southwest has dealt with drought. Given the susceptibility of this re- 
gion to drought, would you say it is more important to invest in research to pre- 
dict it or research to mitigate the effects and explore other ways to increase po- 
tential supply ? 

A4. The Southwest U.S., extending from California into Texas, and northward into 
the central Rockies, is going be increasingly challenged by water supply problems 
no matter what. Tbe region is prone to more, and longer droughts, than the rest 
of the Nation, and climate change is already making the situation worse with higher 
temperatures, less spring snowpack, and declining river flow. It is safe to say, that 
the situation could easily get worse, but it is also safe to say that there are things 
we can do about it. 

We need to take both climate change (and drought) adaptation and mitigation se- 
riously. This means the region, hopefully with help from the Nation as a whole 
(which also has a stake in climate change and drought), must learn to use water 
more wisely, but also do whatever it can to reduce future threats — namely climate 
change — to water supply. In my response to Chairman Gordon’s question above, I 
have outlined some important research and development initiatives that could help, 
and because of the inevitable climate and water challenges facing the Southwest, 
I am a strong advocate for a National Climate Service (also see above). For these 
same reasons, I think it is also imperative that the nations of the globe — with the 
United States in the lead — start working aggressively to reduce greenhouse gas 
emissions to 80 percent below 1990 levels by 2050. To say that Southwesterners — 
Arizonans and Texans alike — have a real stake in all these efforts is an understate- 
ment. 
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Questions submitted by Representative Adrian Smith 

Ql. Nebraska’s panhandle has experienced nearly a decade of severe drought. What 
steps or technologies are needed to prepare for and mitigate long-term drought ? 

Al. Clearly Nebraska has a major stake in seeing something done about drought, 
just as we in the Southwest do. Fortunately, what I have outlined above summa- 
rizes the national research and development efforts needed by Nebraska and neigh- 
boring states. In the past, I have researched what the Dust Bowl drought did to 
the Nebraska region, and I learned first-hand that the record-hot — and wilting — 
temperatures of the 1930’s will seem cool in comparison with what will likely come 
if greenhouse gas emissions are not reduced dramatically and quickly. Nonetheless, 
the climate change already in the pipeline (due to inertia in the climate system) 
AND natural drought variability, means that the people of Nebraska and sur- 
rounding states must also prepare for, and adapt to, likely future drought. My fore- 
going responses should help understand what is needed. 

Q2. What are your views on balancing the demand for various uses of water, includ- 
ing, drinking water; agricultural uses; energy generation; habitat, especially for 
endangered species; and recreation ? 

A2. This is as much a values question as it is scientific. I value each of the entities 
that you mention, and I also have faith that our country can figure out a way — 
using knowledge and technological innovation — to keep all of these entities healthy 
and in the balance. However, we cannot do this assuming business as usual, and 
that is why I have suggested a number of research and development programs in 
my foregoing responses. It is also why I am a strong supporter of cutting global 
greenhouse gas emissions to at least 80 percent below 1990 levels by 2050. We do 
not want to sacrifice any of these fundamental — and valued — entities. 

Your question raises one additional critical point: the role of water in energy pro- 
duction. I note this in my above responses, but also would be a supporter of a mas- 
sive (ca. $50-$100B/year) government effort to develop new and improved energy al- 
ternatives that will speed the much needed greenhouse gas emission reductions that 
are needed to curb climate change, as well as to make our country truly energy 
independent and a global leader in energy technology sales. I bring this up here be- 
cause it is critical that we factor in water demand as we develop new sources of 
energy: the climate-water-energy nexus is critical not just for Nebraska, but for our 
entire nation. 


Question from Representative David Wu 

Ql. Western communities, specifically, have unique circumstances and relationships 
with tribal governments as it relates to water. Tribes often have priority water 
rights that states and local governments, and other users, must account for 
when creating water plans. As far as partnerships go, what types of opportuni- 
ties exist for collaborative efforts that recognize tribal water rights and support 
both non-tribal and tribal efforts ? 

Al. I am not a Native Nations water rights specialist, but I live in state, and in 
a region, blessed with many Native American neighbors. In this context, I have 
worked with some of our regional Tribes on climate-related issues. In my foregoing 
responses, I have emphasized the need to drive research and development — includ- 
ing a National Climate Service — with the needs of regional decision-makers. In the 
Southwest, and across the U.S., the Tribes are at the table as important regional 
stakeholders. As it stands, we don’t have the institutions that treat climate and 
water supply issues (including energy — another key issue in Indian Country) holis- 
tically, and that is what I am advocating in my foregoing responses. Any legislation 
that comes to pass needs to be crafted to ensure the Tribes, and their members, are 
fully invested partners in the activities that result. 

On a slightly more personal side, I recently supervised a Navajo graduate student 
who just received her Master’s degree after completing a Four-Corners climate and 
society (agriculture and ranching) thesis. Her focus included helping leaders and 
kids on the Navajo Nation learn about climate issues. There is a clear need for more 
such graduate students, and the Federal Government could help with funding at 
both the undergraduate and graduate levels. The desire is often there, but funding 
and appropriate opportunities can be harder to find — especially for the interdiscipli- 
nary knowledge creation and learning that is needed. Climate and water partner- 
ships would undoubtedly benefit from such increased funding for education. 
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Answers to Post-Hearing Questions 

Responses by Marc Levinson, Economist, U.S. Corporate Research, J.P. Morgan 
Chase 

Questions submitted by Chairman Bart Gordon 

Ql. Please provide the Committee with recommendations of additional Federal re- 
search and development to increase water supply and water use efficiency. 

Al. The greatest urgency involves exploration of pricing schemes to encourage con- 
servation. Federal R&D money would be well spent in the agricultural area, devel- 
oping crop varieties that require less irrigation, but there is little incentive for de- 
veloping and planting such crops so long as most farmers are able to draw on water 
for free. It might also be worth considering a requirement for Congress to evaluate 
water impacts when considering legislation; such a requirement might have been 
useful during consideration of last year’s law increasing the renewable fuels stand- 
ard and this year’s farm bill. I think there will be ample private funding available 
for R&D into water-conservation and decentralized water-treatment technologies if 
these are economically viable, and no federal R&D effort is required. 


Questions submitted by Representative Ralph M. Hall 

Ql. You mention in your testimony the concept of a water “footprint.” Could you pro- 
vide us with a couple of examples of companies that are aware of their water 
footprint and steps they may be taking to address their water footprint 1 ? 

Al. We have examined a limited number of companies around the world and do not 
claim to have complete information on this subject. Among the companies we have 
examined, only Unilever has ever reported its water footprint. Subsequent to the 
publication of our recent report on this subject, other food and beverage companies 
have advised us that they intend to do further analysis of their water footprints. 
In general, large food manufacturers appear to recognize that they can achieve the 
largest reductions in their water footprints by encouraging greater water efficiency 
among agricultural suppliers, and some are starting to examine this issue. 

Q2. You discuss in your testimony that companies face regulatory risks in the form 
of allocation and price controls when water becomes scarce. In your work, has 
JPMorgan Chase found any regulatory reform options that might address such 
problems such that water utilized responsibly while business can remain on 
track ? 

A2. Yes, we have seen two types of regulatory reforms that are important in this 
way. First, there are a number of jurisdictions that have imposed significant cost 
increases for water. Unfortunately, these increases often affect only customers draw- 
ing water from municipal systems, not agricultural and industrial users that draw 
water directly from rivers or groundwater sources. Better pricing schemes are ur- 
gently needed. Second, some jurisdictions have imposed strong non-price regulations 
that limit water usage, such as requiring the use of recycled water to irrigate golf 
courses or barring the use of grass in landscaping in desert areas. We are not aware 
of jurisdictions that have adopted regulations concerning allocation of water in the 
event of physical scarcity. 

Q3. You mention nuclear power as an energy source that utilizes large amounts of 
water and therefore includes a “societal” cost that should be factored into the 
price users pay for electricity for these plants. Should the same hold true from 
other sources of power, including renewables, such as biofuels and solar ? 

A3. Certainly. Water is a scarce resource, and its cost should be borne by those who 
consume it. Biofuels impose very heavy water demand, particularly by encouraging 
the cultivation of corn in water-scarce areas. In the case of solar, the water-related 
cost is likely to occur mainly in the manufacturing process rather than at the gener- 
ating site. 

Q4. In your testimony you touch upon the impact increased biofuels production has 
on water usage. In examining the development of the biofuels industry, has 
JPMorgan Chase performed an analysis of the water usage associated with feed- 
stocks other than corn for biofuels production ? Are there drought resistant plants 
that could provide biofuels feedstock at lower “water” cost? 

A4. We have not performed an analysis of the water usage associated with biofuels 
feedstocks. This would require complex modeling, as much of the impact is likely 
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attributable to changed patterns of land use arising from higher crop prices. For ex- 
ample, ethanol has led to a large increase in cultivated corn acreage in the Great 
Plains states; whereas corn grown for ethanol in Ohio might not require extensive 
irrigation, corn grown for ethanol in Nebraska is likely to require heavy irrigation. 
The intrusion of cultivation into former conservation reserve areas, another con- 
sequence of U.S. biofuels policy, also increases water demand while potentially re- 
ducing the recharge of aquifers. Switchgrass and sorghum are frequently mentioned 
as plants with lower water requirements that are suitable for ethanol, but suitable 
varieties are not presently commercially available. In any event, their impact on 
water consumption would depend upon whether they supplant corn production in 
arid locations, or whether they are planted in even more arid locations and serve 
to increase the total amount of land under cultivation. 

Q5. Please expand on your comments alluding to the fact that several companies are 
looking into technologies for decentralized water treatment and that federal 
R&D funds may he helpful? If we were to decentralize water treatment for 
human consumption, how would we ensure that all water for human consump- 
tion met baseline standards? What regulatory mechanisms would be needed? 
What would the costs associated with such a change from centralized to decen- 
tralized water treatment be for a city like Washington, DC? 

A5. I’m not sure the need here is for federal funding, as I hear anecdotally that con- 
siderable venture capital is active in the field of decentralized water treatment. A 
more important issue may be whether federal water-treatment regulations inadvert- 
ently favor large-scale municipal plants over smaller-scale treatment. For the cost 
reasons you indicate, it is probably not cost-effective to decentralize water treatment 
in an area where centralized treatment is already in use. However, it may well be 
sensible to consider decentralized treatment for new housing subdivisions, large of- 
fice complexes, and rural areas being connected to piped water for the first time. 
Decentralized treatment effectively requires two sets of supply pipes, one for puri- 
fied water and the other for non-potable water, which would be connected to outdoor 
spigots, cooling towers, and similar uses, but not to indoor plumbing. 


Questions submitted by Representative Adrian Smith 

Ql. Many energy generation methods require water to produce power. Hydropower, 
nuclear energy, petroleum refining, clean coal technologies, and biofuels produc- 
tion all require large amounts of water. What steps should be taken in both the 
public and private sectors to address water-use challenges as energy demand in- 
creases? 

Al. I think the big issue here is that subsidies encourage energy consumption with- 
out regard to the social costs involved in producing the energy. It would be desirable 
for Congress to pay more attention to the water impacts when crafting energy legis- 
lation, and for energy produces to be forced to pay a reasonable price for the water 
they draw. It is worth considering whether closed-loop recycling systems should be 
mandated at new energy facilities. This undoubtedly would raise energy costs, but 
is highly desirable from the viewpoint of water conservation. 

Q2. If new hydropower facilities were to be built to meet the growing energy needs 
of the United States, what would be the main water-use challenges that would 
need to be addressed? 

A2. I do not expect extensive construction of hydropower facilities in the U.S., due 
both to environmental concerns and to the fact that many of the most suitable loca- 
tions are already in use. My comment on this is that in the past we have mistakenly 
relied almost entirely on supply-side measures to meet water demand. It is highly 
desirable to provide incentives to limit demand, and pricing is the best mechanism 
for this purpose. 

Q3. Mr. Levinson, my home State of Nebraska has a large agricultural industry, and 
irrigation is a common practice in much of my district. You mentioned in your 
testimony that groundwater use should be governed by federal, rather than 
State, law. What federal legislation would you propose for the best allocation of 
ground- and surface-water, and what would be the major benefits of regulation 
on a federal level, instead of a State level? 

A3. My testimony was not that the Federal Government should take control of 
groundwater use, but rather that the Federal Government should explore methods 
of requiring states to adopt groundwater pricing schemes. I note that the Federal 
Government uses its budgetary powers to impose many such obligations on states, 
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by threatening to withhold grants for particular programs unless State governments 
take specific actions. This same approach could be used to force states to adopt 
schemes to price both groundwater and surface water. As a practical matter, I think 
it would be extremely difficult for the Federal Government to make detailed alloca- 
tion and pricing decisions at a great remove from the affected communities, so I 
think it is wiser to leave this task to lower levels of government within broad pa- 
rameters. 

Q4. What are your views on balancing the demand for various uses of water, includ- 
ing, drinking water; agricultural uses; energy generation; habitat, especially for 
endangered species; and recreation ? 

A4. I have no particular views on this subject. Insofar as the subject of my testi- 
mony is concerned, I think it would be helpful if those responsible for planning for 
water scarcity were to outline in advance a series of emergency conservation meas- 
ures in priority order, so that individuals and companies would be able to have a 
better sense of the likelihood that their supplies would be curtailed in the event of 
severe supply shortfalls. 


Questions submitted by Representative David Wu 

Ql. How do we ensure that rural minority communities are addressed when we 
build out water infrastructure ? Many of these areas have little to no existing in- 
frastructure in place, and I’m afraid if they are not a part of our plans, we will 
be significantly short-changing a large population. What roles can corporations 
play in this ? 

Al. Please see my response to Representative Hall’s question concerning decentral- 
ized treatment, which may provide a more cost-effective alternative for rural com- 
munities than laying supply pipes for great distances. There has been considerable 
private investment in water-distribution systems, but whether such companies 
would find it attractive to invest in a relatively small-scale distribution system 
would depend on the specifics. 
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Answers to Post-Hearing Questions 

Responses by Roger S. Pulwarty, Physical Scientist, Climate Program Office; Direc- 
tor, The National Integrated Drought Information System (NIDIS), Office of Oce- 
anic and Atmospheric Research, National Oceanic and Atmospheric Administra- 
tion, U.S. Department of Commerce 

Questions submitted by Chairman Bart Gordon 

Ql. Please provide the Committee with recommendations of additional Federal re- 
search and development to increase water supply and water use efficiency. 

Al. Some of the relevant priorities identified by the National Science and Tech- 
nology Council’s Subcommittee on Water Availability and Quality are: (1) Quanti- 
fying the future availability of freshwater in light of both withdrawal uses, and eco- 
system uses; (2) Assessing and predicting the effectiveness of land use practices and 
watershed restoration on water quality and ecosystem health; (3) Developing infor- 
mation and efficiency tools to aid in water management including wastewater reuse 
and low-water-use crops; and (4) Improve linkages between climate and hydrologic 
prediction models and their applications. 

To address these priorities, we will need to focus on improvements in the ability 
of climate models to recreate the recent past as well as make projections under a 
variety of forcing scenarios. Research should focus on the development of a better 
understanding of the physical processes that produce extremes and how these proc- 
esses change with climate as well as the reconciliation of model projections of in- 
creasing drought severity, frequency, or duration for different regions of the U.S. 
The creation of annually-resolved, regional-scale reconstructions of the climate for 
the past 2,000 years would help improve our understanding of present rates of 
change in the context of very long-term regional climate variability. 

Development of improved recharge monitoring techniques and social science re- 
search on the severity of drought impacts and institutional responses (to understand 
the effects of human activity on groundwater recharge) would provide information 
needed to increase our water supply. 

In addition, it is important to understand the response of the biological commu- 
nity to changes in streamflow and stream temperature, clarity, and chemistry, 
which are key issues in addressing instream flows and aquatic needs. It is also im- 
portant to understand the degree to which aquifer storage is changing and will 
change in the future (given various climate, land and water use patterns), in addi- 
tion to how changes in groundwater will affect streamflow and surface-water flow 
as a result of water management activities, land-use change, climate change, diver- 
sions, and storage. 

Adaptive measures include both demand and supply side approaches. Demand- 
side measures include water recycling, reducing irrigation demand, water markets, 
and economic incentives such as metering and pricing. Supply-side measures include 
conjunctive surface-groundwater use, increases in storage capacity, and desalination 
of sea water. Critical issues over the near term include: (1) ensuring adequate water 
to maintain environmental services that support economic and cultural benefits; (2) 
ensuring development, marketing, and adoption of efficient technologies, and (3) 
managing information needed to coordinate data collection and quality control, 
which will allow us to transform data and forecasts into accessible, credible, and us- 
able information for early warning, risk reduction and adaptation practices in the 
water resources sector. 

Questions submitted by Representative Ralph M. Hall 

Ql. In his testimony, Mr. Levinson mentioned that the Tennessee Valley Authority 
had to shut a nuclear plant since there was not enough cooling water in the Ten- 
nessee River. What monitoring, prediction, risk assessment, and communication 
tools could NIDIS provide for existing plants to avoid such a circumstance ? 
Similarly, what monitoring, prediction, risk assessment, and communication 
tools could NIDIS provide so that states and companies could make informed 
decisions as to where to site a nuclear power plant, or any other type of electrical 
power plant, in relation to water access? 

Al. To clarify, and for the record, the Tennessee Valley Authority (TVA) advises 
that its Brown’s Ferry Nuclear Plant was not shut down because of a lack of cooling 
water. The plant was derated because of a permitting agreement with the Alabama 
Department of Environmental Management that states TVA will not exceed a 24- 
hour downstream average temperature of more than 90 degrees. 
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Demand for energy increases demand for freshwater supplies, and increased de- 
mand on water requires additional energy to store and transport water. Freshwater 
withdrawals for energy account for 39 percent of total withdrawals in the United 
States. Transportation of water to produce energy introduces additional costs in 
plant design. Increases in water temperature in streams and reservoirs can reduce 
the water’s effectiveness as cooling water for nuclear plants (as occurred at the 
Browns Ferry nuclear plant in Alabama in 2007). 

As part of its forecast of precipitation, NIDIS communicates forecasts of ambient 
air temperature. This is useful because there is a close correlation between air and 
stream temperatures. The Department of the Interior (the U.S. Geological Survey 
and the U.S. Fish and Wildlife Service) and others can use NIDIS information to 
provide improved information regarding potential risks of high temperature 
instream events. 

NIDIS could provide valuable information used to make more informed decisions 
for the siting of nuclear power plants. Plant sitings require assessments of munic- 
ipal and industrial demands and associated water supply reliability. NIDIS can pro- 
vide information on past drought records for a particular location, water supply reli- 
ability for projected uses, and air temperature-stream temperature relationships. 
NIDIS works with states, communities, and agencies to enable development of risk 
assessment tools based on past events and forecasted droughts. 

Q2. In your testimony, you discuss the need to develop adaptive measures to increase 
the available water supply or use water more efficiently to address threats to the 
water supply. I have introduced legislation that would encourage research into 
treating water derived from underground when extracting oil and gas to utilize 
it for other purposes. Is this the type of adaptive measure you would encourage 
us to explore ? 

A2. NOAA does not have an established position on H.R. 2339, but as a researcher 
on adaptation strategies, my answer would be: Yes. Sixty-five percent of the pro- 
duced water generated in the U.S. (over one trillion gallons in 1993) is injected back 
into the producing formation, 30 percent is injected into deep saline formations, and 
five percent is discharged to surface waters. The produced water typically contains 
a mix of contaminants, including high saline levels. Standards of treatment for 
reuse are set by industry technical organizations such as the American Petroleum 
Institute (API) and the Oil Producers Association. The API has listed carbon absorp- 
tion, air stripping, filtration, biological treatment, ultraviolet light, and chemical ox- 
idation as potential treatments. 

Standards for produced water disposal are determined by State, national, and 
international regulatory bodies. Key questions to be addressed include: 

(1) What technologies exist to treat produced water to disposal or re-injection 
standards and what water quality standards must be met? 

(2) How much would this cost? 

Q3. Several reports, and some of the witnesses who testified at the hearing, have 
called for the creation of a National Climate Service. Would NIDIS be a good 
platform to emulate for the collection, organization and dissemination of aft cli- 
mate information and products ? Or does the shear volume of climate informa- 
tion require a larger or more complex set up? Would NIDIS be integrated into 
such a service, or would it stay a separate entity? 

A3. The NIDIS structure could provide guidance for the development of a National 
Climate Service. NOAA and our partner agencies are still in the process of devel- 
oping an operational definition of “climate” services (i.e. , examining how these serv- 
ices are different from “weather” services) and completing its analysis of what is 
lacking in the way such services are currently delivered throughout the Federal 
Government. Any National Climate Service would likely focus on a broader class of 
issues and information users, and could provide an umbrella for programs such as 
NIDIS by developing a cross-agency partnership to sustain comprehensive observa- 
tions and monitoring systems, and provide for state-of-the-art research, modeling, 
predictions, and projections. 

NIDIS could function within this broader system, and would continue to inform 
collaborative coordination and planning and act to identify innovations in drought 
preparedness for transferability to other parts of the country. NIDIS is in essence 
a decision support system; its main function is to develop, deliver, and communicate 
drought information, forecasts impacts, information for preparedness and risk re- 
duction (or more generally valued climate services). 

Q4. The National Science and Technology Council’s Subcommittee on Water Avail- 
ability and Quality, or SWAQ, released a report last year about science and tech- 
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nology requirements for water availability and quality. This report was a follow- 
up to their 2004 report. In both papers, the Subcommittee strongly recommends 
that the U.S. develop a standardized and integrated measuring measures and 
create an account of its water. Although they suggest that some agencies have 
been involved in bringing this project together, would NIDIS be an appropriate 
place for the dissemination of this type of data? Or should it be housed in a sis- 
ter program, that would feed information into and receive information from 
NIDIS, but be separate for separate management and decision-making purposes? 

A4. NIDIS should not be tasked with the full collection and archiving of such data 
but as a recipient or client to help shape the collection by advising on priorities (e.g., 
key areas for monitoring improvements) through its focus on drought response and 
risk reduction; a separate program working with NIDIS would be most appropriate. 

NIDIS would be a good coordinator for integrated information, acting as a clear- 
inghouse for information that feeds into specific early warning and decision support 
systems, and would provide a catalyst for drought mitigation practice. Data on 
water availability and quality would feed into NIDIS’ early warning design. 

Q5. Would you give an example of what Federal, State and non-governmental moni- 
toring programs feed into NIDIS? How much do these monitoring efforts cost? 
Are there gaps in the monitoring system? If so, where do they occur? 

A5. Given its preliminary status, main inputs into NIDIS so far are from federal 
agencies, such as NOAA, the U.S. Geological Survey (e.g., Stream Gauge Network), 
and the U.S. Department of Agriculture (e.g., Soil Climate Analysis Network). In 
addition, recent efforts have begun to include water and reservoir levels in partner- 
ship with U.S. Army Corps of Engineers, the Bureau of Reclamation, and states. In 
June 2008, NIDIS convened a national workshop on the status of drought early 
warning system across the U.S. States, private sector (energy water, agriculture) 
and Tribal representatives at the conference agreed to engage with NIDIS on data 
provision and integration. These are actively being pursued for inclusion (with ap- 
propriate data standards) into the U.S. Drought Portal, and are important for 
supplementing and improving the U.S. Drought Monitor in locations with pilot early 
warning systems in development. 

The original recommendations for NIDIS (in the 2004 Western Governors’ Asso- 
ciation report) included supporting county-level monitoring, because droughts are 
declared at the county level. At that recommended density, there are still gaps in 
our monitoring network. NOAA is addressing these through the Historical Climate 
Network Modernization and the Cooperative Observer Program (COOP) network. 

The needs for improved monitoring are in groundwater quantity and quality, soil 
moisture, high elevation snowpack runoff timing, and ecosystems. These characteris- 
tics are important in modulating streamflow. Data on these variables are not yet 
collected using standardized approaches at similar spatial or temporal scales, and 
the long-term viability of the data collection efforts is uncertain. Recent initiatives 
such as the National Environmental Status and Trends Indicators action plan and 
pilot activity would provide guidance on assimilating and archiving existing data. 
A comprehensive groundwater-level network may be needed to assess groundwater- 
level changes, the data from which should be easily accessible in real time. 

Soil moisture in the first one or two meters below the ground surface regulates 
land-surface energy and moisture exchanges with the atmosphere, and plays a key 
role in flood and drought genesis and maintenance. Soil moisture deficit partially 
regulates plant transpiration and, consequently, constitutes an effective diagnostic. 
Active and passive microwave data from polar orbiting satellites or reconnaissance 
airplanes provide some estimates of surface soil moisture with continuous spatial 
coverage. However, these approaches are limited in that they only measure soil 
moisture within the first few centimeters of the soil surface, and they are reliable 
only when vegetation cover is sparse or absent. NIDIS recently (February 2008) con- 
vened a small workshop to assess the reliability of such sensors for soil moisture 
measurements. 

The lack of long-term soil moisture data over vast areas of the United States af- 
fects how well soil moisture is incorporated into hydrologic models for watersheds 
or large regions. NIDIS, in collaboration with the National Climatic Data Center 
(and with USDA Natural Resources Conservation Service (NRCS)’s Soil Climate 
Analysis Network to complement their network), is in the process of deploying over 
100 soil moisture sites around the country. Even a few long-term monitoring net- 
works of soil moisture would substantially decrease the uncertainty in predicting 
processes that are critically dependent on soil moisture levels (like flow, water 
chemistry, and plant response). Similarly, the uncertainty of predictive models for 
managing water supply in western streams reflects the density of stream flow and 
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rainfall monitoring networks, because the amount and the quality of data in areas 
characterized by high spatial variability in precipitation determine the reliability 
and precision of such models. Inclusion of nonagricultural areas, along with a long- 
term commitment for high quality data will assist water resources analysis on cli- 
matic and regional scales. 

The U.S. Geological Survey has the beginnings of a ground- water network in the 
Ground Water Climate Response Network. This network provides ground- water 
level data from 167 of the 366 Climate Divisions in the United States and Puerto 
Rico. About half of the data in this network are accessible in real time. 

Q6. Recognizing that this is a fairly new effort, how successful has NIDIS been in 
predicting expected drought areas thus far ? What resources or assistance would 
you need to improve your ability to make such predictions ? 

A6. Historically, skill in predicting drought has not been very high. However, there 
are climate regimes in which predictability of seasonal drought has improved, par- 
ticularly during El Nino or La Nina conditions. NOAA’s Climate Prediction Center 
has shown demonstrable skill in predicting drought at seasonal time scales, during 
El Nino or La Nina events (and in particular during the winter). However, El Nino 
and La Nina conditions are only active about half the time. Prediction of multi-sea- 
son and multi-year drought has not been successful. NIDIS has been successful in 
developing a nascent system for monitoring the climate and identifying potential 
drought conditions as they evolve, but additional time will be required before we see 
great improvement in drought prediction. 

Predictions could be improved through increased focus on multi-season and multi- 
year drought prediction capabilities, through focused research on drought prediction. 
In the interim, some significant improvements in prediction are possible through im- 
proved monitoring of all the components of the climate system related to drought. 
These components include estimates of rain and snow, snowpack depth and liquid 
water equivalent, as well as estimates of the soil characteristics, ground water, and 
vegetation. Improved monitoring requires better integration of data from observa- 
tion systems that already exist (computers to store, merge, analyze and provide the 
data) as well as installation of additional observation equipments (e.g., in situ in- 
struments and satellite sensors) where needed. Monitoring of the physical climate 
system must also be augmented by estimates of the demand for water resources im- 
posed by agriculture, industry, and population shifts and growth. A “drought” is not 
felt until available water is insufficient to meet specific needs. 

Q7. Have you received all the necessary information from State and local partners ? 
What about federal agencies ? What barriers have you encountered ? 

A7. Agencies and states have been very responsive by providing information and 
data sets to be linked to NIDIS activities. 

As conceived in NIDIS, coordination includes: 

• Establishment of a national research agenda, 

• Efforts targeted at emerging problems, (e.g., as in the Southeast in 2007), 

• Sustained attention on identifying monitoring and forecasting gaps, and 

• A competitive grants and contracts program to addresses national research 
needs not addressed by specific agency missions. 

Coordination can facilitate technology transfer from research organizations to user 
communities. However, agencies must maintain a high level of leadership, account- 
ability and autonomy. 

In the next few years NIDIS will begin to tailor the Drought Portal for multi-state 
watersheds. This will provide a mechanism for more fully understanding the bar- 
riers to integrating State and local partner data and information for early warning 
information needs. 

Q8. In an ideal world, how far into the future would your predictions need to be able 
to reach to fully prepare or mitigate the effects of an impending drought ? 

A8. The time it takes to fully prepare or mitigate the effects of an impending 
drought varies depending on the specific problem(s) being addressed. For agri- 
culture, predictions are required for three to six months ahead of an impending 
drought event. However, the sustainability of economic activities and environmental 
goals requires warnings of droughts onset, areal extent, and potential duration (a 
season, a year or a decade or longer), and potential impacts on each of these time 
scales. This is especially the case in regards to urban water needs in the west, forest 
health, low flow thresholds for meeting interbasin transfer requirements, energy 
plant siting, and environmental flows. 
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Q9. How well known is the drought portal? Does the website collect statistics on hits 
per month or types of users it is getting? What can be done to ensure that this 
portal becomes a well-known information source with farmers and local water 
managers as it is with universities and State governments? 

A9. NIDIS is actively engaging all of its partnering agencies to help educate the 
public on the U.S. Drought Portal (USDP). Examples include the U.S. Department 
of Agriculture, which has agricultural extension agents in nearly every county in the 
Nation, and NOAA’s National Weather Service, which has local weather experts in 
135 offices around the country. 

The USDP will provide education and outreach materials, publicly available, 
which will be geared toward local agency representatives engaging constituents at 
the local level and touting the benefits of USDP use. In addition, representatives 
of NIDIS are participating in numerous workshops, forums, and meetings around 
the country in order to communicate what is available on the USDP, to encourage 
its use and develop its role in proactive drought risk management, and to receive 
feedback on its content. 

The USDP keeps track of web hits for users entering the Portal. Currently USDP 
receives 40,000 hits per month. Software is currently being developed to allow track- 
ing of hits to web pages hosted as “portlets” within the USDP. The USDP cannot 
track its users by type at this time. 

Q10. Have the droughts we have been experiencing strained our ability to meet inter- 
national obligations regarding water resources? 

A10. Please see the response to question 11 (below) for a combined response. 

Qll. The U.S. shares not only its borders with Canada and Mexico, but it also 
shares watersheds. With respect to this geographical reality, how has U.S. 
water policy, particularly in the western half of the country, affected relations 
with our neighbors? 

All. These are critical concerns and have been broached in numerous constituent 
meetings and other public fora. Canada and Mexico are actively seeking to com- 
plement and link to NIDIS with their own information, since droughts cross these 
political boundaries. 

The U.S. has treaties with Mexico over both the Rio Grande River and the Colo- 
rado River. The Rio Grande agreement, resulting from a 1994 treaty, stipulates that 
Mexico must allow a certain amount of water from the Rio Grande to reach the U.S. 
In return, the U.S. must provide Mexico with 1.5 million acre feet a year from the 
Colorado River. These commitments have not entirely been met on either side. 
Drought and growing economic development have affected the ability of both coun- 
tries to meet their international commitments. Unfortunately, the treaty provisions 
for allocating shortages during a drought, and in fact what legally constitutes “ex- 
ceptional drought,” are ambiguous and no provisions in the treaty cover the possi- 
bility of a climatic change that could alter the long-term availability of water in the 
river. Research of the U.S. Climate Change Science Program ( Synthesis and Assess- 
ment Report (SAP) 3.3, pp. 22-23; SAP 4.3, pp. 121-150) suggests that even modest 
climatic changes might have serious and dramatic impacts on the Colorado River 
flow. Critical concerns include changes in: (1) water availability from altered precipi- 
tation patterns or higher evaporative losses due to higher temperatures; (2) the 
seasonality of precipitation and runoff; (3) flooding or drought frequencies; and (4) 
the demand for and the supply of irrigation water for agriculture. 

Changing water demands in the United States, combined with climate change, 
could seriously compromise hydroelectric power generation and other uses in Can- 
ada, especially in drier regions in southern areas of the Canadian part of the basin 
(e.g., Okanagan and Osoyoos lakes). There are several (at least 12) large bilateral 
drainage basins, or groups of small basins, for which the International Joint Com- 
mission has responsibility under the Boundary Waters Treaty of 1909. Many of 
these basins, and their sub-basins, have water-sharing agreements where rivers 
flow north or south across the border. In some basins, pollution control agreements 
are also in place to protect ecosystems and water quality (e.g., Great Lakes-St. Law- 
rence River). Climate affects both the quantity and quality of these waters, and the 
ability of one country to meet its present obligations to the other. 

Thirty to thirty-five percent of the water in the Columbia River basin originates 
in Canada yet only 15 percent of the basin lies in Canada. On the Columbia River, 
the predicted trend towards greater flow in winter and less flow in spring is ex- 
pected to continue affecting salmon migration as well as hydropower. 

Increased evaporation (especially during winter) is expected due to warmer tem- 
peratures, which would lower Great Lakes water levels and reduce the flow of rivers 
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in the system, including the St. Lawrence. In the scenario described above, adverse 
impacts on shipping, hydroelectric power generation, and water quality are pro- 
jected. A recent amendment to the International Boundary Waters Treaty Act by 
Canada prohibits bulk-water removals and diversions from border and trans-border 
waters but does not deal with attempts to divert internal Canadian waters, an issue 
that a number of provinces have similarly addressed. There is also a risk that these 
disagreements will spill over into economic policy, trade agreements, and security 
arrangements. 

International obligations have been met, but not without contention during 
drought situations. However, given trends in the Great Lakes, the Colorado, the Rio 
Grande and the Columbia Rivers, further strains are foreseeable in the near future 
and will be exacerbated during conditions of exceptional drought. 


Questions submitted by Representative Adrian Smith 

Ql. Nebraska’s panhandle has experienced nearly a decade of severe drought. What 
steps or technologies are needed to prepare for and mitigate long-term drought ? 

Al. Mitigation options will be different for agricultural producers, municipal water 
suppliers, city and county land use planners, environmental interests, and State 
agencies, but ideally, all should be working in coordination. NIDIS works very close- 
ly with the National Drought Mitigation Center (NDMC) at the University of Ne- 
braska, Lincoln. The NDMC director co-chairs the interagency and interstate NIDIS 
Implementation Team with the NIDIS director. The following are collaborative ac- 
tivities led by the NDMC using, in part, funds provided by NOAA Grants: 

Mitigation measures already underway: 

(1) Nebraska Rural Response Hotline: Interchurch Ministries of Nebraska, an 
interdenominational non-profit organization based in Lincoln, spearheaded 
the establishment of the Nebraska Rural Response Hotline during the farm 
crisis of the 1980s. The Hotline has grown steadily in both the number of 
calls it receives and in the resources and partnerships available to help call- 
ers, as responders listened to needs and found ways to meet them. In 2007 
it took nearly 5,000 calls. Among the ways they assist are listening to indi- 
vidual farmers and ranchers to help identify options in a crisis, providing 
vouchers for counseling and referrals to other professional services, and or- 
ganizing regular workshops around the state focusing on needs such as fi- 
nancial and legal planning. Drought is one of many stressors facing the ag- 
ricultural community. 

(2) Nebraska Health & Human Services is working with municipalities to re- 
duce the vulnerability of their water supplies. 

(3) Increased soil moisture monitoring. 

Planned mitigation measures: 

Nebraska has a drought mitigation plan that has identified more strategies, some 
of which will require additional funding, either for agency staff time or for assist- 
ance or incentives for farmers and ranchers. The planned mitigation activities are 
included in the appendices of the state’s drought plan (http: // carc.agr.ne.gov / docs / 
NebraskaDrought.pdf). 

Some agricultural policies may lead to hazard-resistance or to practices that in- 
crease vulnerability. This is of increasing importance because of the disruptions in 
food security that may come about as a result of climate change (irrespective of 
what drives that change). 

Q2. What are your views on balancing the demand for various uses of water, includ- 
ing, drinking water; agricultural uses; energy generation; habitat, especially for 
endangered species; and recreation ? 

A2. In addition to water supply planning, both urban and rural land-use practices 
can either contribute to drought vulnerability or to drought resistance. In most 
cases, practices that build resilience to drought can also build resilience to other 
possible threats, including wildfires, energy production reliability, and economic 
down-turns. In general, practices that lead to increased soil fertility, redundancy in 
natural systems, and increased biodiversity build resilience. Practices that encour- 
age more risk-taking and deplete natural resources faster than they are replenished 
increase vulnerability. 

Recreation forms the backbone of the economy for many western states. The im- 
pacts of impending changes are anticipated to be felt by the environment sector, and 
these will impact the environmental services that provide tourism, recreational and 
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other economic generators for rural communities. Environmental requirements for 
water are actually minuscule compared with municipal, industry, and agricultural 
needs. In some regions environmental needs are less than 10 percent of supply with 
agriculture, household, and industrial needs accounting for the rest. The economic 
benefits of environmental services outweigh the costs of their water needs and as 
such, efficiency in the other three sectors will provide a large economic and social 
benefit. Multi-objective planning is a logical approach for developing strategies to 
pursue complex goals. 
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